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In today’s increasingly fast-moving, complex, and competitive world, the need for
flexibility and creativity in teaching and learning is crucial. For that reason, innovative
educational methods should be introduced. In education, web-based learning and portable
devices are emerging as teaching and learning aids which can be efficient and effective
tools.
Learning use and identification of ornamental plants are the main objectives of the
plant materials courses offered by Department of Plant and Soils Sciences at Mississippi
State University (MSU). The professors, teaching assistants (TA), and students use the
MSU gardens to study and identify ornamental plant species. This can be time consuming
for both instructors and students.
This research developed an automated web-based database system to deliver
information on the ornamental plants in the MSU gardens. Apache, MySQL, PHP,
JavaScript, Dreamweaver, and Photoshop software were used to develop this application
in the Windows environment and information about each plant was entered into the
database. Plant locations were given by longitude and latitude coordinates and linked to

Google maps. Quick Response codes (QR code) were created to directly access
ornamental plant information at the field.
This database may function as a virtual TA for the plant materials courses and as
an information source for the public. Users can search the ornamental plant information
and determine the location of plants using a computer or mobile device. Plant information
can be retrieved from the field by a smart phone with a QR code reader. To evaluate the
effectiveness and efficiency of developed automated system, an experimental study and
questionnaire survey were designed.
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CHAPTER I
INTRODUCTION

Information and Communication Technology (ICT) is the convergence of
communication and computer technology and has drastically altered the way people work
and live pushing the world into a new era (Bouman et al., 2004). ICT provides electronic
advantages to private homes and large commercial businesses alike in the form of
documentation, email, Internet, web page, information systems, and online marketing.
ICT has the ability to handle huge amounts of information efficiently and accurately. It
has developed within a relatively short time and is one of the basic building blocks of
modern society (Daniels, 2002).
ICT dynamically impacts every field, including economics, education, science,
medicine, industry, and many others. Many countries currently consider the basic skills
and concepts of ICT as part of the core of education together with reading, writing, and
mathematics. According to Tinio (2003), ICT is a tool which includes radio and
television as well as newer digital technologies such as computers and the Internet which
support educational change and reform.
In today’s increasingly fast-moving, complex, and competitive world, the need for
flexibility and creativity in teaching and learning is crucial. Therefore, academic
institutions have the responsibility to educate students who can compete in this
environment. However, traditional methods of teaching and learning are not able to
1

accomplish the requirements of these new challenges in the limited time frame of a
student’s degree program. For that reason, innovative educational methods should be
introduced to assist learning. New digital technologies make possible a “learning
revolution” in education (Resnick, 2002). Kastens (1996) explains how information
technology helps bridge the gap between students and ICT by providing access to real
time data, publications, and software. ICT has a tremendous influence on education and
can be used to improve teaching and learning at various levels, range, and scope by
enhancing quality, accessibility, and flexibility. It can be used as a “diffusion tool” to
reach and share information, knowledge, and resources efficiently and effectively in the
education field. ICT can enable information to be presented in different ways to meet the
needs of teachers, students, and administrators.
Teachers can use ICT in their classrooms to motivate students to learn and
improve the quality of education. It can provide immediate feedback, has wide access to
information, and is reliable any time since ICT has no day off. As a tool, it stretches the
students’ learning beyond the classroom providing more meaning because they can work
with their peers from other institutions and countries. As well, teachers can make global
participation possible. They can exchange ideas on teaching practices and improve their
existing curricula. It enables faculty to design and adopt new teaching methods more
easily and add their own ideas to resource sites. Virtual environments such as
Blackboard, Desire2learn, and Moodle are a few examples of course management
software university campuses are using as they move to adopt online learning (Selwyn,
2007).

2

The Internet plays a major role in ICT since it makes accessible information
libraries, communication systems, telephone networks, and publishing media. It provides
a means to connect with people across the world any time of day. The arrival of the
World Wide Web (WWW) in 1990 (Gillies and Cailliau, 2000) enabled a large increase
in distance education and allowed a document to be accessed by different computers
separated by any distance (Ausserhofer, 1999). Online learning makes learning available
from anywhere in the world. It is very helpful for people who are unable to be physically
present on a campus. Today, Internet use rate is high with the infrastructure development
of the Internet stimulating growth of web-based software and services. Online learning is
spreading all over the world (Tinio, 2003). It is not only popular in educational
institutions, but also used by businesses to renew their staff’s knowledge and for
advanced training (Elango et al., 2008).
Moreover, mobile technology has combined with education where portable
devices play a major role. Roibas and Sanchez (2002) state “mobile devices have turned
into efficient and effective teaching and learning tools." Accordingly, students on a very
tight time schedule can earn maximum benefit from their education without going to the
library or field (Sharples, 2000). Mobile education assists to transfer a stable education
environment to a virtual, flexible education environment of the future (Yuen and Wang,
2004).
Currently, educational institutions face increasing challenges such as growth of
student enrollment, inadequate infrastructure, funding, educational resources and staffing,
as well as insufficient numbers of qualified lecturers and faculty. Similarly, Mississippi
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State University (MSU) increases the intake of students annually creating problems for
conducting lectures and practical studies.
The Department of Plant and Soil Sciences at MSU offers two main courses, PSS
2423 Plant Materials I and PSS 3473 Plant Materials II, related to plant information.
Identification of ornamental plants, in depth study of the plants, taxonomic classification
and morphological structure, favorable growth conditions, plant/tree problems (past,
present, and future), pest and disease incidences, and landscape use are major areas of
study for the students in these courses their curriculum.
The MSU gardens and arboretum are the major sites for the students’ practical
studies. The MSU gardens and arboretum are managed by faculty and staff in the MSU
Department of Plant and Soil Sciences. The gardens are spread over a wide area with a
large variety of plants species. The teachers and students must visit each plant species to
identify and learn details which is time consuming. In addition, the present system of
labeling does not supply all the information correctly or completely.
If the university gardens’ plant information was automated and easily accessible,
it would be more practical and effective for professors and students at MSU. Such a
system may work as a virtual teaching assistant for the plant materials courses. With use
of ICT, MSU could use innovative teaching methods and graduate knowledgeable workforce to meet the demands of the fast moving technological world. Even though online
plant identification databases are currently available, they have been created for specific
courses and common purposes. Those systems are mainly used in plant science courses
only for testing and grading. A few studies mention locations of the plants on a campus
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map, though coordinates were not used to locate them. Moreover, no study was found
that uses Quick Response (QR) codes to identify the ornamental plants.
This study focused on developing a relational database to store and retrieve plant
materials information effectively and efficiently. The database was developed for use as a
virtual teaching assistant to aid student learning in the plant materials courses. The
objectives of this study were to develop an innovative, web-based database system to
assist plant materials learning and to develop a study which could be used to compare
student learning of plant materials using the web-based ornamental plant database versus
traditional learning and evaluate student perceptions of the web-based plant learning
system.
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CHAPTER II
LITERATURE REVIEW

2.1

Use of ICT in teaching and learning
The importance of online and global learning is increasing rapidly. With the

declining cost of the technology, digital technologies are accessible in all parts of the
world making possible a “learning revolution” in education (Resnick, 2002). Information
Communication Technologies (ICT) are potential tools which can enhance education
from primary to higher; as well, teachers can combine this technology to develop new
teaching methodologies. ICT can enhance the quality of education by increasing learner’s
motivation, facilitating the achievement of basic skills, and enhancing teachers’ training.
ICT, for example videos, television, and computer software that combine text, sound,
colors, and moving images provide challenging and reliable content that engage the
students in the learning process. Interactive radio similarly makes use of sound effects,
songs, dramatizations, comic skits, and other performance conventions to encourage
students to listen and become involved in the lessons. Early use of computers was for
computer-based learning or computer-assisted instruction that focused on mastery of
skills and content through repetition and reinforcement. ICT have also been used to
improve access to and the quality of teacher training. However, more than any other types
of ICT, networked computers with Internet connectivity have the capability to increase
learner motivation as it combines the media richness and interactivity of other ICT with
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the opportunity to connect with real people and participate in real world events (Tinio,
2003).
ICT has opened opportunities to educate people who are in rural locations and
those traditionally omitted from education due to cultural and social reasons such as
minorities, women, persons with disabilities, the elderly, and others who have not
enrolled in higher education for reasons of cost or time (Tinio, 2003). According to
Robelen (2007), even though virtual learning was barely a feature on the computer screen
a decade ago, it is currently becoming a leading part of the educational mainstream.
Online learning originated from the tradition of distance education and goes back at least
100 years to the early correspondence courses. With the arrival of the Internet and World
Wide Web (WWW), the ability to reach around the world to learners has increased
significantly. At present, online learning offers rich educational resources in multiple
ways and has the capability to enable both real-time synchronous and asynchronous
communication between instructors and learners. Though institutions of higher education
adopted quickly, K-12 school systems lagged (Means et al., 2010). Computer application
for educational purposes is not a new concept, already about 30 years old. Online books,
educational software, edutainment software, and online education are some important
types of computer based education systems (Ausserhofer, 1999).
Since student enrollment in universities is increasing annually, on-campus space
is beginning to be limited. The need for off campus learning was realized as far back as
the 1950s (Curtis, 1957). Since ICT has opened access for online teaching, most
university campuses are moving toward distance education as a method for teaching more
students with fewer resources (Guri-Rosenbilt, 1999). Allen and Seaman (2010)
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conducted a survey in the United States and found over 4.6 million students were
enrolled in at least one online course during the Fall 2008 term, a 17% increase over the
previous year. It far exceeded the 1.2% overall growth rate of higher education and shows
the trend toward distance education.
Most institutions have seen the problems in traditional face to face learning with
large enrollments. Moreover, they confront difficulties while the students are doing
practical labs, or field studies as large groups, which should be divided into smaller
groups for better instruction. The introduction of computer and video technology was
very helpful in teaching large groups of students (Lin and Fox, 1999).
The preparation of the current generation of students to confront the competitive
and increasingly global job market is the responsibility of educational institutes. ICT in
the classroom has become a valuable tool. Since computers, Internet, and related
technologies are present in the workplace, priority is given to people who have
technological literacy and the ability to use ICT effectively and efficiently. This has been
identified the “21st Century Skills,” which includes digital age literacy with the other
basic capabilities (Lemke, 2002).
2.2

Internet and online education
Many technological advances have occurred during the last 30 years, including

desktop computers and the Internet, although film, radio, records, broadcast television,
audiotape, videotape, programmed learning machines, etc. have been developed
throughout the 20th century (Arsham, 2002). Human communication over computer
networks was introduced in the early 1970s (Quarterman et al., 1993). Computer
networking and teleconferencing have found practical application in education for online
8

delivery of courses, networked classrooms, and knowledge network linking of peers and
experts.
With the introduction of the Internet, many areas were rapidly changed especially
education. This was a turning point of improvement in education. There are numerous
ways in which the Internet supports education. It makes education very accessible in that
students and teachers can have access to a lot of information, learning, and teaching
materials from everywhere in the world. In this manner, the Internet also helps in making
education more cost effective, saving time for students, and increasing efficiency of
learning and teaching. The Internet opens access to information exchange from every
corner of the world. With the arrival of the Internet, the classroom learning paradigm was
enhanced.
Some courses consist of practical aspects that should be completed in the field.
Learners must pay close attention to detail, observing plant structures close up and
following specific sequences. Such attention is difficult in large enrollment classes.
Students in separate lab sections may have to follow the same steps and instructors have
to teach the same practical several times, for example budding and grafting, potting of
different types of plants, and plant identification. With the advent of technology, the
learning paradigm in classrooms has changed. Gomez (2004) found an instructional video
was better than a face-to-face demonstration to teach T-budding in an intro plant
propagation course.
There are many courses such as horticulture, landscape gardening, forestry, and
botany in undergraduate and graduate programs that are linked with practical aspects like
plant identification. Students who are in undergraduate horticulture classes engage in
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plant identification learning and tests based on the visual characteristics of the plants
(Shaw, 1993). In most plant identification courses, students learn around 150 plant
species (Wilson and Flory, 2012).
Not only for undergraduate and graduate students’ learning, this plant information
is essential for research work and students doing external programs. Students are required
to remember plant information especially family, genus, species, common name,
cultivars, and specific features of the vegetative and reproductive parts. They are tested
on their visual identification skills and working knowledge of the plant materials. Most
plant material identification programs include woody and herbaceous plant materials in
production based (nursery, fruit, turf, floriculture, vegetables) courses (Pokorny, 1988).
The purpose in all cases is to improve the knowledge of students with sight recognition of
each crop (Kahtz, 2000).
2.3

Previous work on plant identification
Traditional methods of teaching plant identification are based mostly on live plant

specimens; however, it is expensive and time consuming to maintain a collection at the
proper stages of development. Prior to the Internet, herbarium specimens, photographs,
and slide libraries were prepared and presented as permanent collections in place of live
samples for plant identification. If plants have a short life cycle, slide libraries or dried
herbaria specimens needed to be prepared for plant identification (Kahtz, 2000).
Plants were identified using text books or collected specimens. Most texts lacked
color photographs due to the high cost of color separations. Plant materials texts
typically used black and white photographs and line drawings showing each plant at
different times of the year and at different ages. Additionally, live plants in the field are
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constantly changing and can be challenging to identify in the winter season in some
regions. Usually, students prepare flashcards for each plant with their distinguishing
characteristics and try to keep them in mind through rote repetition (Pokorny, 1988).
Before wide spread use of the Internet, information exchange was done mostly
with compact disk – read only memory (CD-ROM) technology and allowed users access
for a reasonable cost. Horticulturists at the University of Florida have developed and
distributed throughout the United States, software on three CD-ROM discs for plant
identification (Gilman, 1994). The discs contained 3000 pages of text, extensive
morphological characteristics, plant use suggestions, 2000 line drawings, and nearly 3600
photographs of more than 1,800 plant species. The software allowed the students to make
customized plant lists for landscape sites. It was very useful to identify unknown plant
specimens. In addition, it allowed users to view insect and disease problems with up-todate control recommendations (Gilman, 1994). Traditional methods of information
distribution for instance, compact disc (CD) and digital versatile disk (DVD) are being
replaced by web applications.
2.4

Current work on web-based plant identification
Conceptually, identification of plants using class websites, WWW, DVD, and CD

libraries has advantages since it includes easy and continuous access by students
accommodating individualized learning speeds, use of close up views of morphology for
improved identification, and color photographs (Gilman, 1994; Shaw, 1993; Shrophier,
1991; White et al., 1990). The Internet and WWW revolutionized the delivery of
information; therefore, plant identification information and testing procedures. Pokorny
(1988) has developed and tested a computer program for plant identification in a plant
11

propagation class at the University of Georgia. Moreover, computer supported instruction
has been used in woody landscape classes at Washington State University (Shaw, 1993),
Alabama A&M University (Sabota et al., 1995), and the Chicago Zoological Society
(Kahtz, 2000). The landscape plants on the Alabama A&M University, Normal campus
are used for plant identification courses. Once the plant details were inventoried into the
relational database, the locations of the plants were assigned. The campus map was
scanned and used to locate the particular plants. This database and the map are used in
the landscape plant materials class at Alabama A&M University as a teaching tool and
self-guided tours.
Identification of plant families is an essential field of study in horticulture, botany,
forestry, and biology. An interactive plant key has been developed as an online tool to
improve students’ learning of botanical vocabulary, plant morphology, and plant families
(Wilson and Flory, 2012). This online tool could help identify plant families based on
historic botanical illustrations or live plant samples. The database contains 196
angiosperm families and each family has 220 botanical characters. All the plant families
found in Florida were included in this database. Beyond plant identification, traditional
paper based tests can be replaced by web based plant identification tests and grading
(Anderson and Walker, 2003). A similar project has been created by Campbell et al.,
(2011) for teaching plants, testing the students on their plant identification knowledge,
practicing leaf terminology with specific plant examples, and to associate landscape
performance with native ecosystem characteristics.
In web applications, commonly, users request information from a remote
computer, which stores data and provides details through the Internet (Lu and Feng,
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1998). When a web application is developed, for instance a web-based database, its
technological background is important to the quality of the product.
2.5

Technology behind the web based applications
A web based application is a software package that can be accessed through a web

browser. The software and database which reside on a central server are accessed over a
network. Web based applications are vital to taking advantage of today's technology to
enhance an organization’s productivity and efficiency (Tony et al., 2001). This
application provides an opportunity to access the academic or business information from
anywhere in the world at any time. It also facilitates saving time and money and
improving the interactivity with customers and partners. It allows the administrative staff
to work from any location and staff to access information remotely 24 hours a day, 7 days
a week. With a computer connected to the Internet, a web browser and user name and
password, people can access the system from any location. Web applications are basically
developed on a three tier web based system architecture (Hu et al., 2003).
2.5.1

Three tier web based system architecture
A three tier web based system architecture (Fig. 2.1) is used to make Internet

based web applications (Ramirez, 2000). Three tier architecture is a client server
architecture in which the functional process logic, data access, computer data storage, and
user interface are developed and maintained as independent modules on separate
platforms. Three tier architecture is a software design pattern and well established
software architecture. Its three tiers are the presentation tier, application tier, and data
tier.
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Three tier web based system architecture of computer networks is where clients
request and receive service from a centralized server (host computer). A user requests
service of the server and results are displayed when the server returns; for that
information the client computer provides an interface. Currently, clients are workstations
or personal computers and servers are more powerful machines located remotely. A
central server supports a number of networked workstations. Everything is interconnected
by a computer network (Maffeis, 2003). Automated Teller Machines (ATM) are the most
popular example of a web based application. The ATMs provide a user interface and the
servers provide services, such as checking on account balances and transferring money
between accounts.
Middle Tier

First Tier

Third Tier

Linux
Apache
PHP

Internet

User Interface

Figure 2.1

Application layer

Database
MySQL

Database

Schematic of a three tier, web based system architecture showing how
clients access and interact with databases over a computer network. It
includes user interface as first tier, application layer as middle tier, and
database as third tier.
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The WWW is based on three tier architecture. Both the server and the client are
responsible for performing tasks that process and present data to the user. Most computer
applications use a single client, a Web browser; although this is not the only possibility
for Internet based applications. The majority of the work of Web applications takes place
on the Web server that is accountable for communications with the client, Web browser,
along with the database. Information, the application required, is stored inside the
database. Middleware, a class of languages, closely works with the Web server to process
requests and interact with additional programs. Middleware works to indicate to the Web
server exactly what data is served back to the client's browser. Three tier web based
system architecture is constructed so the database can reside on a central computer,
known as a server, and be shared among several users. Users access the server through a
client or server application.
Figure 2.1 illustrates this process of a client requesting information from a Web
server that uses middleware to connect to a database. It is also possible to have a standalone workstation containing the Web server, relational database and middleware. This
would allow for the benefits of using a Web-based architecture without worrying about
data encryption or data security as it travels across the Internet.
A database management system has a key role in web based databases. A
Database Management System (DBMS) is a single set of computer programs responsible
for creating, editing, deleting, and generally maintaining a database or collection of data
records. There are many different types of commercial database-management systems
that can be used for this type of application for example, relational database management
systems, flat file based database management systems, hierarchical database management
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systems, network database management systems, and object oriented database
management systems. Relational database management systems are the most widely used
DBMS today (Codd, 1980). The relational model relies on normalizing data within rows
and columns in tables. The data can be related to other data in the same table or other
tables which must be correctly managed by joining one or more tables. The relational
model is the primary data model for most commercial data-processing applications. The
object-oriented model adds features such as methods, object identity and
encapsulation (Silberschatz et al., 2002).
Edgar Codd is the inventor of the relational database model, an extremely
influential general theory of data management and the foundation of Relational Database
Management Systems (RDBMS) currently used everywhere (Maier, 1983). The relational
model was explained in a seminal paper “A Relational Model of Data for Large Shared
Data Banks” by Codd (1970). This paper discussed how business people designed
databases and focused their attention on the nature of the information they could store
and retrieve from a computer system.
While following this technological architecture, suitable software must be
selected to develop the program. At present, the trend is for programmers to use open
source software in coding and system development (Godfrey and Tu, 2000).
2.5.2

Open source software
Open source software (OSS) is computer software which is distributed along with

its source code and the code used to create the software as special, freely licensed
software. They can be used by anyone to copy, study, and change in any way. The OSS
has been in great demand in the market for the last couple of years. It is characterized as a
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new way to develop software (Mockus, 2000). Proprietary software is the inverse type of
OSS software.
One of the fundamental differences between OSS and proprietary software is that
the source code of OSS must be made freely available with the software. Anyone is able
to download the source code, view it, and alter it as they see fit. With proprietary
software, we generally cannot view or edit the source code. Furthermore, propriety or
closed software is licensed computer software and should be purchased under certain
conditions, and restricted from other uses, such as modification, sharing, studying,
redistribution, or reverse engineering.
Many OSS components support several platforms and use the same components
on different platforms. In addition, it poses a serious challenge (Vixie and Design, 1999)
to the commercial software businesses that dominates most software markets today.
Wampserver and Lamp server are two common open source software currently available.
2.5.2.1

Wampserver
WAMP is an acronym for a set of free open source applications combining with

Microsoft Windows, Apache, MySQL, and PHP, Perl, or Python. The combined use of
these programs is called a server stack. In this, Apache is a web server, MySQL is an
open source database, and PHP is a server dynamic scripting language (Nixon, 2009).
This group of software is often used to build the dynamic web site. Zhang (2010) has
generated a simulation environment of an on-line store system based on the three tier
Model View Controller (MVC) model to help understand how to develop an ECommerce application using WAMP theory and technology.
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2.5.2.2

Apache
Apache is a very stable and robust web server for the Linux, Unix, Windows, and

other related operating systems. Apache is considered the most widely used web server
platform in the world. This versatile server runs more than half of the world's existing
web sites. Apache is a free and solid web server software running more than 21 million
web sites ranging from huge operations to corporate intranets and smaller hobby sites
(Laurie and Laurie, 2002).
2.5.2.3

MySQL
MS SQL, PostgreSQL, and MySQL are some examples of relational databases

using Structured Query Language (SQL). IBM developed the original version of SQL in
the 1970s and since then SQL has been the standard relational database language. One of
the most popular open source database management systems used for dynamic web
database applications is called MySQL. It is commonly installed on popular web hosting
provider’s UNIX and Linux servers. Its original code dates back to the 1980s (Axmark
and Widenius, 1999).
2.5.2.4

PHP
PHP is server side scripting language designed specifically to develop the web. It

was started in 1994 as one person’s work, Rasmus Lerdorf (Lerdorf et al., 2006). PHP
originally stood for Personal Home Page, though currently it is called Hypertext
Preprocessor. PHP can manipulate information held in a database and is a powerful tool
to generate dynamic and interactive web pages. Since it is server side scripting language,
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PHP code is interpreted at the web server and generates Hypertext Markup Language
(HTML) or other output (Welling and Thomson, 2003).
2.5.3

Database
A database is the core of the web based database development. Databases have

been developed for various fields. Some examples include Vegetable Genetic Resources
Information System (AVRDC– The World Vegetable Center; Tainan, Taiwan), the
Biodiversity Directory of Germplasm Collections database (NordGen Plants;Alnarp,
Sweden), the System- wide Information Network for Plant Genetic Resources (SINGER)
( Via dei Tre Denari, Italy), Centre for Genetic Resources, Plant Genetic Resources
(CGN-PGR) (Wageningen, The Netherlands), and Leibniz Institute of Plant Genetic and
Crop Plant Research (IPK) (Gatersleben, Germany). These database systems provide
online access to germplasm data (Ravisankar et al., 2009). Another study replacing
traditional data collection is the Rapeseed-Mustard Plant Germplasm Information System
(R-MPGIS) (Kumar et al., 2013). This is similarly a web based, interactive, user friendly
system to retrieve germplasm information. The mustard germplasm information system
provides information for researchers, breeders, pathologists, extension professionals, and
farmers. Users have access to this system from anywhere in the world.
2.6

Quick response (QR) code
QR (quick response) codes were invented by the Japanese corporation Denso

Wave in 1994. It was first used to track automobile parts throughout a production plant in
Japan (Tucker, 2011). It is a two-dimensional matrix of black dots compiled in a square
pattern. Information is encoded in both the vertical and horizontal direction; hence, it can
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hold up to a hundred times more data than a traditional barcode. Data access can be
captured in a photograph of the code using a camera built into a smart phone and
processing the image with a QR reader (Kieseberg et al., 2010).
Several studies have been conducted developing automated plant information
systems; however, most of these were for online plant identification tests and grading
(Pokorny, 1988; Sabota et al., 1995; Anderson and Walker, 2003; Lehrer and Brand,
2003). No known system has been previously created as a study aid for learning
ornamental plants which can deliver course specific plant lists and maintain an open
access database for the public. Also, Global Positioning System (GPS) has not previously
been applied to plant locations in a garden using Google maps and linked to the learning
system database. In addition, QR codes have not been used to retrieve plant information
in existing systems. Therefore, this study is important in advancing the available
educational tools for learning plant materials using a web-based ornamental plant
database in that it uses GPS locations to enable users to locate the actual plants in the
MSU gardens and facilitates retrieving plant information using a smart phone through
implementation of QR code technology.
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CHAPTER III
METHODOLOGY

In order to enhance the teaching and learning of ornamental plant identification,
this project created a web-based, fully automated database system with GPS location and
QR code technology. The electronic teaching and learning system created for the gardens
of Mississippi State University (MSU) was named, Ornamental Plant Database. This
system was developed to include information on the plant’s biology and geographical
location. It provides a means to store and retrieve the information of an unlimited number
of plants. The project will enhance the quality and teaching in plant materials courses.
Moreover, it has been designed to increase the accuracy of the information and efficiency
of learning of the students and teaching of the faculties.
3.1

Development of a web based ornamental plant database
In this study, the web-based system was developed, including database, web

pages, and coding. Then, information on ornamental plants in the MSU gardens and
arboreta was entered in the database. If someone needs to retrieve information at their
desk, the web-based system provides easy access. Finally, it has functions to insert,
update, and delete data on the ornamental plants in the gardens as well as other
information related to the plant material courses like lab information and plant lists.
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This study was carried out in the Department of Plant and Soil Sciences at MSU
from 2012 to 2014. Computer specification used to complete this project: Computer
model –HP EliteBook8560p (Hewlett Packard, Palo Alto, California), Processor - Intel
®core TM i7, RAM – 4.00GB, and System type – 64 operating system. The software
used to accomplish of this work includes:
 Wampserver – 2.2a (open source software package with Apache, MySQL, and PHP )


Microsoft Windows 7 Professional (Microsoft corporation, Redmond,
Washington)



Apache – 2.2.21 (Apache Software Foundation, Forest Hill, Maryland)



MySQL – 5.0.8 (MySQL AB, Uppsala, Sweden and Cupertino, California,
US)



PHP – 5.3.8 (Zend Technologies Ltd. Ramat Gan, Israel and Cupertino,
California, US)

 Dreamweaver – CS5.1 (Adobe Systems Incorporated, San Jose, California) CSS
(Cascaded Style Sheet) – It was inside Dreamweaver.
 JavaScript – 2.2 (Agiliance, Sunnyvale, California)
 Adobe Photoshop – CS5.1(Adobe Systems Incorporated, San Jose, California)
 Google Api/ JavaScript Api ( Google developers, Mountain View, California)
 WinSCP (Windows Secure CoPy) – 5.5.1
 Linux server (The Linux Foundation, San Francisco, California)
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3.2

Software design of plant information system
Different developmental methodologies are followed in the process of building

computer software and information systems. Formally, a software development
methodology is known as a Software Development Life Cycle (SDLC).This methodology
or process is divided into phases such as requirement analysis, design, coding, testing,
installation, and maintenance. During the development process of software, various
software development approaches are defined and designed. These approaches are also
referred as "Software Development Process Models". Each process model follows a
particular life cycle in order to ensure success in the process of software development.
Some SDLC models are waterfall (Fig.3.1), spiral, iterative, incremental, prototyping, V shaped, and RAD (Dora and Dubey, 2013). In smaller projects, these stages may overlap
or skip. The waterfall model method was applied to develop this program and consists of
requirement analysis, design, implementation, testing, and maintenance (Sommerville,
2004).
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Requirements
Analysis

Software Design

Implementation

Testing

Maintenance

Figure 3.1

3.2.1

The waterfall model is a popular version of the systems development life
cycle model for software engineering. It is a sequential design process,
often used in software development processes, in which progress is seen as
flowing steadily downwards (like a waterfall) through the phases of
analysis, design, implementation, testing, and maintenance.

Requirement analysis
The main objective of this phase was requirements determination. First, user

requirements were gathered from interviews with the professors, teaching assistants, and
students, and observing the existing system. The main components of the system were
identified as plant material, course lecture, practical, and user login. They were
prioritized in order of the users’ requirements to search and view ornamental plants,
practical, and course information. At the same time, the system needed to be able to
insert, update, and delete data. It also required a login system to avoid public access to
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course and lab information. The requirements from the performance evaluation helped
determine how the database should be structured during the design.
3.2.2

Software design
Designing is the second phase of the waterfall process model. This section will

cover detailed requirements analysis along with the application flow and user scenarios.
After reviewing the requirements, first they were normalized and converted to the Entity
Relationship Diagram (ER Diagram/ER Model). Then, the relational database was
designed according to the ER Diagram. It was apparent one database would be used with
multiple tables in the database containing the plant materials, course, practical, and user
login information. This type of data base design reduces the amount of redundant data
stored across tables.
3.2.2.1

Database normalization
Normalization is the process of efficiently organizing data in a database. It

arranges the data in a database by creating tables and making relationships between those
tables according to the rules designed. Normalization is essential in database
development. There are two objectives of the normalization process: eliminating
redundant data (storing the same data in more than one table) and ensuring data
dependencies (only storing related data in a table). Both of these are valuable goals as
they reduce the amount of space a database consumes and ensures data is logically stored.
Normalization is very important when the conceptual model is going to be loaded
to a Database Management Systems (DBMS). This is an important concern to ensure the
database is at least in the third normal form (normal forms are discussed in the later part
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of this chapter). As a result, it protects the data and makes the database more flexible by
eliminating redundancy and inconsistent dependency. In addition, normalization provides
data integrity to the database and prevents anomalies from occurring. If the database is
not normalized, problems may arise from the relations generated directly from the user
view.
3.2.2.2

Database anomalies
There are three types of database anomalies: insertion, update, and delete. If

multiple rows comprise identical information, this could lead to an update anomaly. For
example, if a table has attributes of a department name, department address and employee
name, it is possible two rows will contain duplicate information since multiple employees
can work for the same department. Therefore, if departments changed addresses, every
single tuple (an ordered list of elements) should be updated. This leads to a loss of data
integrity because all of the records might not get updated and space is wasted
unnecessarily. The solution is storing employee information in one table and the
department details stored in another table. Then the information would only have to be
changed once on an update.
The same example, department and employee, apply to a delete anomaly. If there
is just one employee of a department listed in the table and that employee gets deleted, all
of the department informationisalsodeletedsinceitwasstoredinthesamerowastheemployee
information. Therefore, to correct this anomaly, the department name and address should
again be stored in an additional table, so the employee can be deleted without losing the
department information.
26

A similar example can also show how to avoid insert anomalies. An insert
anomaly exists when a table should be used solely for inserting employees; instead every
row also contains the department name and address. This problem allows for data to be
inserted incorrectly unless all the rows with the department name and address in the table
are checked for consistency. To correct this anomaly, the department name and address
should be stored in a separate table to avoid duplicate information.
3.2.2.3

Normal forms
The normal forms are based on relations rather than tables. A relation is a special

type of table. Relations in first normal form impose very basic requirements. Data in a
table must meet the following criteria to be considered in first normal form (Silberschatz
et al., 2002).
 Each cell in the table must contain atomic value. This means there is never a set
of multiple data values in a row and column position of a table.
 Each column must have a unique name within a table. For example, if department
table has a column with dept_no, there may be a column in the employee table
with the same name.
 Primary key is the identifier of a set of data in a particular table. Each row of data
can be uniquely identified by its primary key. It may be one column or a
combination of more than one column.
 Each row is unique. This property ensures that no two rows in a relational table
are identical.
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 The sequence of columns is insignificant. This property states that the ordering of
the columns in the relational table has no meaning. Columns can be retrieved in
any order and in various sequences.
 The sequence of rows is insignificant. This property is analogous to the one above
but applies to rows instead of columns.
Next, second normal form should be considered. For that, a database should
already be in the first normal form and the following conditions must be met
(Silberschatz et al., 2002).
 Create separate tables for groups of data that apply to multiple records.
Relate these separate tables with a foreign key (a field in one table uniquely
identifying a row of another table to establish a link between two tables).
Third normal form relates to transitive dependencies. A transitive dependency
occurs when an attribute (column) relies on an intermediary attribute for dependency.
When a column does not depend directly on the primary key, transitive dependency
occurs in the table. Therefore, the following criteria must be met to achieve third normal
form (Silberschatz et al., 2002).
• Achieve first and second normal forms
• Eliminate fields that do not depend on a primary key
Based on this conceptual frame work, the ornamental plant database was designed
fulfilling these requirements.
Since all the information needed for this database driven web application have
been determined, the design and flow of the website had to be created. The system
consists of ornamental plants, course, and practical information, which are related to the
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plant materials courses offered by the Department of Plant and Soil Sciences at MSU.
Even though this computerized system was primarily designed for the students enrolled
in the plant materials courses, the public can also access information on ornamental
plants through the plant search option.
During the high-level requirements analysis, it was determined that the database
administrator should be able to search, view, insert, update, and delete records in the
system, i.e. administrator has full authority. Other staff and students, including professors
and instructors are able to search and view the information only. Then, there is the
capacity to make accounts for individual students as well as for the staff at the university.
The database has sessions that facilitate accessing the system in different ways. Since this
is a web application, it was decided that all of the high-level requirements should be
linked on the first webpage that branches to other pages as needed.
After identification of data to be stored in the database, an ER diagram was used
to build the database (Ramakrishnan and Gehrke, 2003). This is also called conceptual
database design. ER diagram was designed to develop the rapeseed – mustard germplasm
information system (Kumar et al., 2013). For the ornamental plant database, an entity
relationship model was created as the second step of the database design with entities
(plant material, course, practical, and user) and attributes (Fig.3.2). Attributes are the
qualities of each entity, which are recognized separately. As user is a separate table
inside the database, it does not have any relationship with other tables. Therefore, it was
not included in ER diagram (Fig.3.3).
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This shows ER diagram of ornamental plant database. This ER diagram illustrates the entities, attributes, and
relationships. The entities are course, practical, plantmaterial, and courselabplantmat. Relationships were made between
each entity. The relationship between course and practical and practical and plantmaterial are many to one. Other
relationships between course and courselabplantmat, practical and courselabplantmat, and plantmaterial and
courselabplantmat are one to one.

username

password

id

fullname
userlogin
date
admin

Figure 3.3

User login is also an entity of the ornamental plant database. Since it has no
relationship with other entities, it shows as a separate entity with its
attributes. Primary key of userlogin is id.

The next step is the conversion of the conceptual database design into a logical
database design in which the ER diagram or ER model is transferred to a relational
database schema (Fig.3.4). Entities and attributes of relational database schema are
similar to the tables and columns of the database (Ramakrishnan and Gehrke, 2003).
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Figure 3.4

This is the logical database design depicting how entities and attributes
exist in the ornamental plant database. A logical design is a conceptual,
abstract design. The process of logical design involves arranging data into a
series of logical relationships called entities and attributes. In relational
databases, an entity often maps to a table. An attribute is a component of an
entity and helps define the uniqueness of the entity. In relational databases,
an attribute maps to a column.

32

3.2.2.4

Database development
The database tables used in the software were designed as shown in Table 3.1

with plant material, course, practical, and users.
Table 3.1

This shows five tables and their properties inside the ornamental plant
database. The five tables are plantmaterial, course, practical,
courselabplantmat, and userlogin.
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The database is the key component of this program since it contains all the
information of the system. The database was named hortiplant in the software and tables
were designed as plantmaterial, course, practical, courselabplantmat, and userlogin
(Fig.3.1). Fields of plantmaterial, course, practical, courselabplantmat, and userlogin are
displayed in this table. Attributes of the ER diagram are converted to fields in each table
inside the database.
3.2.3

Implementation
The software Apache, MySQL, PHP, Dreamweaver, CSS, Java script, and Google

api were used to develop this application in the windows environment. This application
was developed with the help of Wampserver 2.2a and Windows 7 professional. PHP was
used to develop console and graphical user interfaces along with windows forms
applications, web sites, web applications, and web services. MySQL was used to create
the database and provides an environment to generate databases that can be accessed
from workstations, the Internet, or other media. The database, interface, and web site
were connected to the server through the Apache web server.
Web pages were developed using Dreamweaver and locations of plant materials
were obtained with the help of Google maps. PHP, Java script, and MySQL were used for
the coding of this development. Initially the database (hortiplant) was created on a local
computer using phpMyAdmin. This provided a complete web interface for administering
the MySQL database and is widely recognized as the leading application in the field.
PhpMyAdmin is a third-party open source tool used for manipulating MySQL databases
over the Internet. PhpMyAdmin assists to add and drop databases, create, alter, and delete
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tables, add, edit, and delete fields, execute SQL statements, and manage keys and
permissions (Delisle, 2012).
3.2.3.1

Database development in MySQL
This section discusses in detail the implementation of the database tables

previously shown in the design section of this dissertation. Each table is listed along with
the fields and field type attributes of that table (Table 3.2 - 3.6). The primary and foreign
keys are also labeled in each table. The table plant material is used to store all of the
ornamental plant information. Plant material data along with field types are presented in
Table. 3.2. The number in the field type column in parentheses is the maximum length of
the value that can be stored in the database.
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Table 3.2

Contents of the plantmaterial table inside the database. Data type and
description of each field are listed in the table. Thirty three fields are
introduced for plant material records. Integer, character, text, and date types
are used for each field. Plant_ID is the primary key. Description column
provides the information on each field of plant materials.

Field
plant_ID

Type
Int(10)

Null
No

Default
Description
0
Plant identification number
(Primary key)
0
Family of the particular plant
0
Genus of the particular plant
0
Species of the plant
0
Cultivar of the particular plant
0
Common name of the
particular plant
0
Growth form of the plant
0
Height of the plant
0
Diameter of the plant
0
Growth rate of the plant
0
Cold hardiness zone
0
Foliage texture
0
Site requirements
0
Leaf type
0
Leaf arrangement
0
Leaf morphology
0
Leaf shape
0
Leaf length
0
Flower color
0
Blooming season
0
Fruit type
0
Fruit color after ripen
0
Invasive (Yes/No)
0
Diseases
0
Pests
0
Wildlife
0
Region the plant is native
0
When the plant was planted
0
When the plant was removed
0
Comments
0
Picture of the plant

family
genus
species
cultivar
common_name

char(25)
char(25)
char(25)
char(25)
char(25)

No
No
No
No
No

form
height
width
growth_rate
hardiness
texture
site_rqt
leaf_type
leaf_arrange
leaf_morpho
leaf_shape
leaf_length
flower_color
blooming_season
fruit_type
fruit_ColorRipen
invasive
disease
pest
wildlife
nativity
planting_date
terminal_date
comments
picture

char(20)
text
char(25)
char(25)
char(15)
char(30)
longtext
char(50)
char(20)
char(50)
char(20)
char(30)
char(20)
char(20)
text
char(25)
char(3)
text
text
text
char(10)
date
date
text
text

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

location_name

text

No

0

location

text

No

0
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Location name of the plant in
the MSU gardens
Coordinates of the plant
location in the MSU gardens

The table course (Table 3.3) is used to hold course facts like course code, course
name, section, and credits. Course code is the primary key in this table since it needs to
have unique records.
Table 3.3

Course_code, course_name, credit, and section are the four fields of the
course table. Integer, text, and character are the data types used for each
field. Course code is the primary key of the course table.

Field
course_code

Type
varchar(8)

Null
No

Default
0

course_name
credit
section

text
int(1)
varchar(5)

No
No
No

0
0
0

Description
Course code
(Primary key)
Course name
Credit
Section

The table practical is used to store practical details for practical lab information in
the database (Table 3.4). This table has a composite key for the primary key since there
can be multiple practical sessions for one course. The course_code field is a foreign key
from the course table and is combined with lab_No from the practical table and made the
composite key. It thus became the primary key of the table.
Table 3.4

Practical table has three fields,lab_No, course_code, and lab hour.
Course_code is a foreign key and was taken from the course table to create
the relationship between course and practical tables. It was used to make the
composite key with the lab_No. This composite key is the primary key of
the practical table.

Field
lab_No
course_code
lab_hour

Type
int(2)

Null
No

Default
0

varchar(8)

No

0

int(2)

No

0
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Description
Lab number
(Primary Key)
Course code(Foreign key from
course table)
Number of hours for one lab

The table courselabplantmat contains plant material information for a particular
course and practical laboratory (Table 3.5). This has a primary key combined with three
fields as course_code, lab_No, and plant_ID, which are used to get the unique value for
the records. Course_code lab_No, and plant_ID are foreign keys from the course,
practical, and plantmaterial tables, respectively.
Table 3.5

Field
course_code

Courselabplantmat was created to enter plant material according to a
particular course and lab number. It does not have its own properties. Fields
were taken from plant material, course, and practical tables. Course_code is
from course table, lab_No is from practical table, and plant_ID is from plant
material table. Integer and character are the data types used to distinguish
different fields.
Type
varchar(8)

Null
No

lab_No

int(2)

No

plant_ID

Int(10)

No

char(25)

No

species

Default Description
0
Course code(Foreign key from
course table) (Primary key)
0
Lab number(Foreign key from
practical table)
(Primary key)
0
Plant identification
number(Foreign key from plant
material table)
(Primary key)
0
Species of the plant

The table user login and consists of properties to create accounts and login
particulars. This table is a separate table in the hortiplant database. It does not have any
relationship with other tables. The primary key of this table is id and can recognize users.
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Table 3.6

id

This is the userlogin table. It contains six different fields and their data
types, integer, character, and date. Identification number (id) is the primary
key.

Field

username
password
admin
full name
date

int(6)

Type

varchar(25)
varchar(25)
Int(1)
Varchar(50)
date

Null
No

0

No
No
No
No
No

0
0
0
0
0

Default

Description
Identification number
(Primary key)
User name
Password
Separate the session
Full name
Date

As described above, the database hortiplant was developed on a local computer
using MySQL. This database makes available details of plant materials, course, lab, and
user. To access the database, a web-based user interface was developed.
3.2.3.2

Web development
Since the program is intended to be used by both students and faculty in learning

and teaching, a Graphical User Interface (GUI) website must exhibit usability and
intuitive delivery of content. As a part of the design process, five main tabs were selected
to be available on the initial webpage. These tab choices were needed to be instinctive, so
users would not waste time on the website looking for exactly what they need. The main
page was named “Home” and names of the other pages were given according to their
content (Fig.3.5). The main tabs, plant search, photo gallery, what’s new, log in, and
contact us, which are on the home page, were linked with each particular page and
developed according to the requirements used to develop the database.
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Title
Photos
Plant Search
Photo Gallery
What’s New
Log in
Contact Us

Description about plants, gardening……..

Contact and copy right information
Figure 3.5

3.2.3.2.1

Schematic of the home web page designed for the first page of web based
plant database. Mainly, it links to the web pages plant search, photo
gallery, new plant information, login, and contact details through each tab
on the home page.

Log in

The login page encompassed registration, change password, and login services
and has access for multiple users. Before logging in, the students and professors who
need to see the information related to a course, lab, or plant material at MSU must create
a new account with their username and a password (Fig. 3.6). Once users log in with their
username and password, they can reach the page with the links to plant materials, course,
and practical (Fig. 3.7). Then, according to the user type, it links to different pages. If the
user is an administrator, they will be able to connect to the page with search, view, insert,
delete, and update (Fig. 3.8). Professors and students are only able to see the page search
and view (Fig. 3.9).
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Login
Register for new accounts

Figure 3.6

This is the user login page schematic. Students enrolled in the plant
materials courses and the professors are able to use the login page. First
they should register by providing a username and a password.

Course
Practical
Plant material
Practical and Plant Materials

Figure 3.7

This page schematic has links for course, practical, and plant materials.
After users log on with their username and password, this page would
appear.
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Search
View
Insert
Update and Delete

Figure 3.8

Links for search, view, insert, update, and delete for administrators appear
in this web page schematic. These links connect to each page.
Administrator can search, view, insert, and update information of plant
materials, practical, and courses.

Search
View

Figure 3.9

3.2.4

In this web page schematic links for search and view for professors and
students appear. These links provide the access for search and view web
pages. Professors and students are able to only search and view details of
plant materials, practical, and courses.

Testing
Software testing is used to determine and improve the software quality; therefore,

it is a crucial step in the software maintenance life cycle (Shahid et al., 2011). In this
phase, the developed program was checked for any errors or discrepancies to make sure it
was working correctly and efficiently. After implementation was finished, testing was
started with different strategies. This generally focused on two areas, internal efficiency
and external effectiveness. The external effectiveness testing was performed to verify the
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software was functioning according to the system design and it was performing all
required functions. The internal testing was to confirm the computer code was efficient
and standardized after successfully completing the external testing phase. In this study,
test data sets were used to check the system and verify each unit met its specification.
3.2.5

Maintenance
Maintenance is the last stage of the software life cycle and has a major role. This

phase is when the system is in use by the intended audience. If the other phases are done
properly, maintenance is easy and efficient. The MSU gardens web-based system was
installed on the MSU main server system and put into practical use. After the system was
installed, the maintenance phase kept the software up-to-date with environment changes
and changing user requirements. Corrective, adaptive, perfective, and preventive were the
four parts of maintenance involved. Corrective maintenance was used to fix the bugs in
the code, adaptive maintenance was used to adapt the software to new environments,
perfective maintenance updated the software according to changes in user requirements,
and preventive maintenance updated documentation making the software more
maintainable (Erdill et al., 2003).
3.3

Web hosting
Since the system was built on a local server, it needed to be installed on a remote

server (MSU server) with web hosting that allows people and organizations to access the
web site via the World Wide Web. A web site and server space were requested from the
MSU Information Technology Services (ITS) Department. Space for web pages and the
database were then provided on the MSU server. All the files and the database were
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transferred from the local server to the remote server using the WinSCP program. Its
main function is file transfer between a local and a remote computer.
Subsequently, the hortiplant database was renamed Webdb on the university
server. All the information for the course, practical, plant materials, and user tables were
entered into the database and information of plant materials were linked with QR codes.
3.4

Final product
The final system is available as a Virtual Teaching Assistant (VTA) for the plant

materials courses in the department of Plant and Soil Sciences at MSU. Information can
be retrieved using a smart phone in the field or with a computer at a table via the
http://msugardens.pss.msstate.edu/home.php web address.
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CHAPTER IV
RESULTS AND DISCUSSION

The developed tool “Web based ornamental plant database for the MSU gardens”
interactively allows self-guided tours and stores information about the MSU gardens’
ornamental plants and trees. The automated system was designed mainly for retrieving
information on ornamental plants and trees in the gardens collection. The system is user
friendly and permits use without any specific training or knowledge. Users can perform
search, insert, update, and delete records functions depending on authorization. Users
also have remote access to the system using the Internet at
http://msugardens.pss.msstate.edu/home.php.
4.1
4.1.1

Database description
Tables inside Webdb database
The ornamental plant database, Webdb, developed using MySQL in the

phpMyAdmin environment contains the information on ornamental plants, courses, labs,
and users with their characteristics. Figure 4.1 shows the five tables, plantmaterial,
course, practical, courselabplantmat, and userlogin, which are parts of the Webdb
database. The database is the back end of the system and third layer of the three tier
architecture. The Webdb database is located on the remote server of MSU.
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Figure 4.1

4.1.1.1

Webdb relational database on the MSU server with plantmaterial, course,
practical, courselabplantmat, and userlogin tables and relationships. The
database is in MySQL and is administrated by phpMyAdmin.

Plantmaterial table
The plantmaterial table is the most important table of the Webdb database (Fig.4.2

and 4.3). It consists of 33 fields as discussed in the methodology and is used to store the
ornamental plants’ information. This table makes available the complete details of each
plant material with images of the important parts of the plant and its locations in the MSU
gardens. Each field introduced the data type in a data storage format that can contain a
specific type or range of values. Integer, text, character, and date data types were used to
predefine the values in a table field.
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The plantmaterial table contains images of the entire plant, leaves, flowers, fruits,
and bark. The picture was given as a link inside the table and was entered as text data
type, e.g. uploaded/picture.jpg. The upload folder is on the remote server and all the
images were saved inside the upload folder in jpeg format. Locations of the plants are a
significant feature of the plant material table because students can find and see the live
plant in the gardens. Location is provided as coordinates. Therefore, latitude and
longitude of the location of each ornamental plant were entered in this table. Three
different formats can be used when reporting latitude and longitude: degrees, minutes,
and seconds (076 30' 45"); degrees, minutes, decimal (076 30.75'); or decimal (degrees)
(076.5125). The decimal degree format was used for entering the coordinates of latitude
and longitude of the plant location in this table.
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Figure 4.2

Part one of the structure of the plant material table inside the Webdb
database with the fields plant_ID, genus, species cultivar, common_name,
form, height, width, growth_rate, hardiness, texture, site_rqt, leaf_type,
leaf_arrange, leaf_morpho, leaf_shape, leaf_length, flower_color,
blooming_session, fruit_type, fruit_ColorRipen, invasive, and disease.
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Figure 4.3

4.1.1.2

Part two of the structure of the plant material table in the Webdb database
with the fields pest, wildlife, nativity, planting_date, terminal_date,
comments, picture for entire plant, picture for leaf, picture for bark, and
picture for flower, picture for fruit, location, and location_name.

Course table
Currently, the Department of Plant and Soil Sciences of MSU offers two courses

related to ornamental plants. Figure 4.4 displays the structure of the course table with
four fields.
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Figure 4.4

4.1.1.3

Structure of course table in the Webdb database with the fields
course_code, course_name, credit, and section. Course_code is the primary
key of the course table.

Practical table
Identification of plant material is the practical or laboratory aspect of the plant

material courses PSS 2423 and PSS 3473. To insert plant material practical information,
the practical table was developed in the Webdb database (Fig.4.5). Practical details are
connected with courses, so the course code must be in the practical table. As a result, a
relationship was made with course table and practical table. For that, course code
(primary key of the course table) was taken to the practical table as a foreign key (Fig.
4.6). When data are entered to the practical table, if lab number is the primary key of the
table, repetition of lab numbers may occur. For example, since lab number one is in both
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courses PSS 2423 and PSS 3473, data are repetitive in the lab number column in this
table. Duplicate data are not accepted by the table. A new primary key was made using
lab number and course code, thus, errors of repetition were eliminated. This combined
key is called a composite key. For instance, lab number one and PSS 2423 and lab
number one and PSS 3473 created different values in the primary key field in the table
(Fig. 4.7).

Figure 4.5

Structure of the practical table in the Webdb database with the fields
lab_No, course_code, and lab_hour. Lab_No and course_code were
combined to make the primary key.
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Figure 4.6

Practical table with its relationship with course table. Relationship was
made with lab_No of the practical table and foreign key course_code of the
course table.
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Figure 4.7

Practical table in the Webdb database with the data. Since the composite
key was made with lab_No and course_code, it avoids are petition error,
for example first data set 1, 2, PSS 2423 and second data set 1, 2, PSS
3473, lab_No , lab_hour, and course_code respectively.

4.1.1.4 Courselabplantmat table
The courselabplantmat table was developed to show course, practical, and plant
material in one table collectively (Fig. 4.8). It helps teachers and students to have a
particular plant material list for a specific lab and course; for instance, PSS 2423Plant
Materials 1, and lab number 1. Consequently, relationships were created with course,
practical, and plant material tables (Fig. 4.9). Lab number of the practical table, course
code of the course table, and plant identification number of the plant material table were
created in the courselabplantmat table as foreign keys forming the relationship. Similarly,
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these relationships were made to prevent errors when repetitive data of plant materials are
entered to this table (Fig.4.10). For example, in the first row, plant number one, lab
number one, and PSS 2423 had been inserted, and then for the next row plant number one
was going to be entered for lab number one and PSS 3473. If plant number was the
primary key, data are unable to be entered due to the repetition of the plant number.
However, a composite key with plant number and lab number does not allow the
repetitive value to exist. So, a primary key was made with lab number, course code, and
plant ID to prevent the errors of duplications. For instance, if the primary key is 1, PSS
2423, 1 (lab number, course code, plant ID), in the second row it would be 1, PSS2423, 2
(lab number, course code, plant ID). With the plant list for each lab entered, teachers and
students can see the plant materials of the lab in advance once the administrator creates
the entry.
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Figure 4.8

Structure of the courselabplantmat table in the Webdb database with its
fields course_code, lab_No, plant_ID, and plant species. Course_code,
lab_No, and plant_ID were used to make the primary key.
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Figure 4.9

Courselabplantmat table in the Webdb database with the relationships with
course_ code, lab_No, and plant_ID. Relationship was made using foreign
key course_code of the course table, foreign key lab_No of the practical
table, and foreign key plant_ID of the plant material table.
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Figure 4.10

Courselabplantmat table in the Webdb database with the data. Since
composite key was made with course_code, lab_No, and plant_ID , it
avoids are petition error, for example in the first row 1, PSS 2423, 1 (lab
number, course code, plant ID), and in the second row 1, PSS2423, 2 (lab
number, course code, plant ID).

4.1.1.5 Userlogin table
Login provides the credentials required to obtain access to a restricted area. With
authentication and identification, it permits a user to enter specific web pages. A user
login table was created to provide this ability. This table included only the administrator,
professors, and students’ data with username and password (Fig.4.11). This table contains
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an admin column which separates the login sessions for each group of users. The session
is marked with three different numbers. If the number is one, it means the user has
administrator access allowing data insert, update, delete, and management of the database
and Web. Numbers two and three designate the professors and students, respectively.

Figure 4.11

4.1.2

Structure of the userlogin table in the Webdb database with the fields id,
username, fullname, password, repeatpassword, changepassword, admin,
and date. Id is the primary key of the user login table.

Image data in the database
Images are a rich source of information to be used as an identification tool of

plants. High quality digital images captured using digital technology can play a very
important role in identification of shape and size of different plant characteristics
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(Villordon et al., 2007; Kumar et al., 2008). Including the text data, the Webdb database
contains image data of different parts of the ornamental plants for use in identification of
species and varieties based on these characteristics. Storing imported color images or
high resolution images for the ornamental plants requires a great deal of memory (Sabota
et al., 1995).
4.2

Website of ornamental plant
Web sites such as the MSU Ornamental Plant Database contain large volumes of

information and images to be stored and accessed by users. The user can access the site
with the Uniform Resource Locator (URL)http://msugardens.pss.msstate.edu/home.php.
The main web page of the web-based ornamental plant identification tool is shown in
Figure 4.12. The tabs plant search, photo gallery, what’s new, login, and contact us
navigate to connect web pages with related content.

59

Figure 4.12

4.2.1

Main page of the web based MSU Ornamental Plant Database. It has five
tabs, plant search, photo gallery, what’s new, log in, and contact us. Each
tab is connected with the particular web pages.

Search facility
Searching is a main feature of any computerized system. This system allows of

searching for ornamental plants, courses, and practical. The ornamental plant search
comes under the “plant search” tab on the home page. The most important application of
this automated system is to search the information on ornamental plants (Fig.4.13). The
search of course and practical information will be discussed under login section.
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Figure 4.13

Ornamental plant search web page of the MSU Ornamental Plant Database.
Plant search tab is connected with ornamental plant web page. It serves to
search the plant species and its information. The search species should be
entered in to the text box on the web page.

The plant search tab on the home page can be used by anybody (including the
public) to search ornamental plants in the database. Once it is accessed, it connects with
the plant category page (Fig.4.14). Ornamental plants can be searched based on common
name, species, or genus of them. Each and every species of plants will be listed with
hyperlinks on plant category page. Once the particular plant species is selected and
clicked, that link connects to the plant details page (Figs.4.15, 4.16, and 4.17) displaying
the information of the particular plant and its pictures.
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Figure 4.14

Ornamental plant category page of the MSU Ornamental Plant Database. It
displays the species of the particular genus and the common name of the
ornamental plant. There is a hyperlink with the species. Each species is
linked with its information.
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Figure 4.15

This is the first part of the plant information page of the MSU Ornamental
Plant Database. Plant information comes from the database. This figure has
plant identification number, family, genus, species, cultivar, common name
and entire plant picture.
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Figure 4.16

This is the next part of plant information page of the MSU Ornamental
Plant Database. It has leaf, bark, and flower pictures of the particular
ornamental plant.
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Figure 4.17

This is the last part of plant information page of the MSU Ornamental Plant
Database. It has a picture of fruits, plant’s form, height, width, growth rate,
hardiness, texture, site requirements, leaf type, leaf shape, leaf length, leaf
arrangement, leaf morphology, flower color, blooming season, fruit type,
fruit color ripe, invasive, disease, pests, wild life, nativity, planting date,
terminal date, comments and the location details.

Location of the plants in the MSU gardens is an essential feature of the plant
material table. Currently, professors and students visit the MSU gardens to see the live
plants for teaching and learning. The plant material table has the records for locations
entered as latitude and longitude of the location of the plants. The coordinates were
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linked to Google maps (Fig.4.18). When a user accesses on the “Get location” button, it
directs them to the location of the plant in the MSU gardens (Fig.4.19). Additionally, it
provides a satellite view of the location (Fig. 4.20).
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Figure 4.18

Plant geographic coordinates to get the location on Google maps. The
latitude and longitude of the particular plants comes from the MSU
Ornamental Plant Database with its details. Get location button should be
used to get the correct location of the plant.
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Figure 4.19

Live plant location on Google maps. The location is based on the
coordinates latitude and longitude. Marker shows the correct location of the
plant.
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Figure 4.20

Satellite view of the plant location from the MSU Ornamental Plant
Database. It shows a clear picture of the exact location of the plant.

4.2.2 Photo gallery
A whole plant picture with the plant’s botanical name was included on the photo
gallery page. The images were downloaded from other web sites or captured with a
digital camera to create this page. The database will be updated with actual images from
the gardens as the season progresses. As images are part of the navigation functions, it is
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convenient to see the pictures by paging backward and forward. It displays the entire
photo gallery of each specific ornamental plant (Fig. 4.21).

Figure 4.21

Image gallery of ornamental plants from the MSU Ornamental Plant
Database. The entire plant with its species name is displayed. A large
image can be seen once the user clicks on it.

4.2.3 What’s new
A separate web page under this tab provides information on new plants in the
gardens (Fig. 4.22). This will provide additional knowledge for people interested in
ornamental plant education. An image of the new ornamental plants with a short
description was included on the page.
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Figure 4.22

This figure shows the new ornamental plants’ information webpage from
the MSU Ornamental Plant Database. Images of the new plants and a short
description are on this web page.

4.2.4 Contact information
This page has contact information for issues concerning the website and database
(Fig.4.23). This is useful for students and others to contact the person managing the
gardens and web site. It is also helpful when users have problems searching information
or on login.
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Figure 4.23

The contact information web page from the MSU Ornamental Plant
Database displays the contact details of the administrator of the web site. It
includes telephone number, email address, mailing address, and fax number
of the administrator.

4.2.5 Log in
Another tab on the home page of this website links to the login page which has
registration, change password, and login services. It allows access for multiple users
simultaneously (Fig. 4.24).
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Figure 4.24

User login Page in the MSU Ornamental Plant Database. Administrator,
professors, and students use user login to enter the database and access the
plant information. Their username and password should be used to log in.
This page has the links for user registrations and change passwords.

Before logging in, students and professors needing to find information related to a
course, practical, or plant material at MSU must create a new account with a username
and password (Fig. 4.25). The register link is connected to the register page and
information must be entered such as full name, username, password, and repeat
password. If the registration is successful, a message will be displayed informing the user
to contact the administrator to activate the account. The registration is validated for
username and password. If the username is already used in the database, it displays the
message “Username already exists” (Fig. 4.26). Further, if the password does not match
with the repeat password it gives the message “Password mismatch” (Fig. 4.27). A link
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for changing a user’s password was also created. Password changing is very important
and provides security to the users (Fig. 4.28).

Figure 4.25

User registration page from the MSU Ornamental Plant Database. This
page provides the mechanism to create new accounts. The user must fill in
full name, user name, password, and password confirmation.

Figure 4.26

Message with existing user name from the MSU Ornamental Plant
Database. When somebody is registering, if their selected user name
already exists, this message will display.
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Figure 4.27

Message with password mismatch. This message presents when a user
enters an incorrect password in the repeat password when creating a new
account in the MSU Ornamental Plant Database.

Figure 4.28

Web page from the MSU Ornamental Plant Database with change
password details. This page uses text boxes to enter user name, old
password, and repeat password information for a user to change their
existing password.

Once somebody sets up an account and is registered to login, the user must send a
message to the administrator to activate the account. Subsequently, the administrator
enters the session number in the admin column of the user login table inside the database
according to which group that user comes under. The administrator is able to log in with
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the administrator account and can search and view all information; in addition they can
insert, update, and delete data since the administrator has all privileges. Professors and
students can log in only to find course, lab, and plant material details with their username
and password.
When the username and password are validated, if entered username is not
already in the userlogin table, the message will read “That user doesn’t exist” (Fig. 4.29).
As well, for an unknown or wrong password, the message will display “Incorrect
password” (Fig. 4.30).

Figure 4.29

Web page from the MSU Ornamental Plant Database with the message
“user does not exist.” This indicates the particular user is not available
inside the database. This happens when the user uses a wrong user name to
enter to the web site or does not have an account on this web site.
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Figure 4.30

Web page from the MSU Ornamental Plant Database with the message
“incorrect password.” This message comes when the particular user inputs
a wrong password to log into the system.

4.2.6 User sessions
Once the user logs into the system, a web page will appear with the links for
course, practical, plant materials, and practical and plant materials (Fig. 4.31). When the
administrator logs into the system, the window appears as an administrator session with
insert, update, and delete links in addition to search and view links (Fig. 4.32). According
to the different sessions, students and professors are able to search and view the
information and are directed to a window with links to search and view course, practical,
plant material, and practical and plant materials (Fig. 4.33). Even though the plant search
is not restricted from the public, the other information is protected from public domain
and only enrolled students in the plant material courses and professors who have an
account in this system may log into the system.
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Figure 4.31

An example of the common web page for students, professors, and
administrators with links for course, practical lab, and plant materials web
pages in the MSU Ornamental Plant Database. A practical lab and plant
material is another link to list the plant materials according to course and
practical lab. When any user enters username and password to admit to the
system, this web page appears first with these hyperlinks.
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Figure 4.32

An example of the course information web page for the administrator in the
MSU Ornamental Plant Database. This page shows the administrator
account with the search, view, insert, and update and delete functions. The
four hyperlinks are connected to respective web pages.
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Figure 4.33

Course information web page of professors and students in the MSU
Ornamental Plant Database. This is an example to show their account with
the search and view functions. The two hyperlinks are connected to the
respective web pages.

4.2.6 .1 Search and view of course and practical lab information
Search and view are common functions for all users. Different web pages have
been developed for searching and viewing of each course, practical lab, plant materials,
and practical and plant materials. The course web page displays links to search and view
courses in the MSU Ornamental Plant Database (Fig. 4.34). Particular course information
can be searched using the search function web page (Fig. 4.35) which then displays the
particular course data (Fig. 4.36). All the courses are able to be viewed using the course
list web page (Fig. 4.37). Similarly, web pages were created to search and view practical
lab information. Additionally, the plant materials view page was designed to see all
ornamental plants at once (Fig. 4.38).
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Figure 4.34

Course links for students and professors in the MSU Ornamental Plant
Database. This page is connected with course search and course view web
pages.

Figure 4.35

Search course information page from the MSU Ornamental Plant Database.
When the particular course code is entered into the text box on this page
and the user clicks on the submit button it will search the course
information.
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Figure 4.36

This web page from the MSU Ornamental Plant Database displays the
course information according to the details given on the previous page.
Course code, course name, credit, and section information can be seen.

Figure 4.37

This web page from the MSU Ornamental Plant Database gives the list of
all the plant materials courses. This displays when somebody clicks on the
view link on the course web page.
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Figure 4.38

List of plant materials from the MSU Ornamental Plant Database with all their information and pictures. The page
only displays five plant materials. Therefore, the navigation bar supports moving to the pages next, previous, last, and
first.

4.2.6 .2 Search and view of practical and plant material information together
This is another important part of this system. The web page, Course, Practical
Lab, and Plant materials (Fig. 4.39), assists to retrieve the combined details of course,
practical lab, and plant materials information. The user can search the database (Fig.
4.40) with lab number, then particular course, practical lab, and plant material
information displays (Fig. 4.41). All the information is listed simultaneously by clicking
view link on Figure 4.39 (Fig. 4.42).

Figure 4.39

The web page from the MSU Ornamental Plant Database with links to
search or view information for course, practical lab, and plant materials.
The two hyperlinks, search and view, link to a particular web page.
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Figure 4.40

The search web page from the MSU Ornamental Plant Database assists to
retrieve the combined course, practical lab, and plant materials information.
It has a search box and submit button. The user should enter the appropriate
lab number to search the plant materials information related to that lab.

Figure 4.41

Information of plant materials according to a specific course and lab
number from the MSU Ornamental Plant Database. This web page displays
the information of course PSS 2423 and plant materials according to the lab
number one.
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Figure 4.42

Combined list of course, practical lab number, and plant materials from the
MSU Ornamental Plant Database. When the user clicks on the view
hyperlink on the course, lab and plant materials main page, this web page
displays the list of plant materials. Since one table only shows 10 data sets,
a navigation bar is on the page to move to other pages.

4.2.6.3 Data insert, update, and delete functions
The Ornamental Plant Database system operates in administrator and user mode.
Insert, update, and delete functions can be performed after logging in as administrator.
Therefore, these tasks can be performed for all the tables in the database of Webdb by the
administrator of this system.
Data insert
Prior to reading information in the database, data must be entered into the tables.
Separate forms for data insert have been developed for the course, practical,
plantmaterial, and courselabplantmat tables. They assist data entry without opening the
actual database, Webdb. The course, practical, and practical and plant material have the
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same data insert interface (Fig. 4.43) to insert course information. The plant material data
insert interface is different (Fig. 4.44 and 4.45). Since the data insert pages are user
friendly, the data entry person does not need any specific knowledge of database
programming to complete this action. Before saving the records, the system also provides
the option to check for duplicity of records.

Figure 4.43

Data insert form for course from the MSU Ornamental Plant Database.
This web page has text boxes to enter the course details, course_code,
course_name, credit, and section. Course_code is the primary key of the
course table. Data is saved in the table inside the database when the user
clicks on the insert record button.
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Figure 4.44

The first part of the data insert form for plant materials from the MSU
Ornamental Plant Database has fields with text boxes, option buttons, and
list boxes to enter plant information. The picture of the entire plant, leaf,
bark, flower, and fruit can be browsed from anywhere. This data insert
form is continued in Figure 4.45.
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Figure 4.45

The second part of the data insert form for plant materials from the MSU
Ornamental Plant Database also has fields with text boxes, option buttons,
and list boxes to enter plant information. Once data are entered, the user
should click on the upload button to insert the information into the
database.

Data update and delete
Update and delete functions have a major role in database maintenance since the
administrator must have a way to update important records and delete unnecessary data.
Hence, separate web pages have been created to update and delete information for course,
practical, plantmaterial and courselabplantmat information. Authorized users are able to
access these functions. Data update and delete functions are in the same forms with their
respective hyperlinks (Figs. 4.46 and 4.47). Update is linked with another page and
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displays a particular data set to be updated (Figs.4.48 and 4.49). Similar web pages were
designed for update and delete for course, practical, and courselabplantmat (Figs. 4.46
and 4.48). Different web pages were designed to update and delete for plant materials
(Figs. 4.47 and 4.49). The authorized user selects only the particular records to be
deleted. When the user clicks on the delete hyperlink, the data set will be removed.

Figure 4.46

Update and delete form for course from the MSU Ornamental Plant
Database has hyperlinks for data update and delete web pages.
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Figure 4.47

Update and delete form for plant materials in the MSU Ornamental Plant Database. Each page displays only five
records to update or delete. There is a navigation bar to move pages next, last, previous, and first. Update and delete
hyperlinks are connected with specific pages.

Figure 4.48

This web page from the MSU Ornamental Plant Database displays update
information for course. The user can change the details to be updated and
should click on the update record button to save the information inside the
database.
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Figure 4.49

4.3

Plant materials update information from the MSU Ornamental Plant
Database. Text boxes are on this page to enter data. The user needs to click
on the update button to save the data in the database.

Quick Response code
Figure 4.50 shows sample of quick response code developed for ornamental plant

species Ilex x attenuate (Foster’s Holly). The label is tagged with the QR code on the
plant.
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Figure 4.50

Quick Response code developed for Ilex x attenuata. This can be read by a
smart phone with QR code reader.

The web based MSU Ornamental Plant Database is freely available in the public
domain for searching ornamental plants in MSU gardens and arboretum. This is a
completely different system compared to databases previously developed because this is
specific and has multiple activities related to the plant materials courses. This was
primarily developed for teaching and learning plant materials for undergraduate students
at MSU. However, this database is open to the public to search the plant information in
the MSU gardens. The Google location of the ornamental plants is unique to this system
and helps students find the location of live plants in the MSU gardens.
The login system was developed to restrict unauthorized persons from accessing
the course portion of this web-based application. Authorized users are able to insert,
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update, delete records, and maintain the database. Course and practical lab information
are accessible through the login system.
A database has been developed for landscape plants on the Alabama A&M
University campus; it is an integrated location and information database for teaching the
plant identification and use course. The positions of plants were designed as a plant map
rather than using GPS locators as was done in the MSU Ornamental Plant Database
(Sabota et al., 1995). Another similar product from the University of Florida, FloraGator,
is an interactive, online multiple entry key for improving student learning of botanical
vocabulary, plant morphology, and plant families (Wilson and Flory, 2012). The
University of Connecticut plant database is a web site that supports selecting woody
ornamental plants for students, homeowners, green industry professionals and others
(Lehrer and Brand, 2003). Campbell et al., (2011) developed an interactive online tool
using spreadsheet applications for students to practice plant identification and for testing
students’ plant identification knowledge. Another interactive computer based system was
designed to improve student plant identification skills and knowledge of ornamental,
cultural, and usage information in a woody landscape plant materials course (Lindsey et
al., 1994).
Some studies created the plant databases for quizzes. Students did not use those
systems for learning; they used them to identify plants for their tests only (Pokorny, 1988
and Anderson and Walker, 2003). The plant propagation course offered by the
Department of Horticulture, University of Georgia had also been computerized to make a
computer assisted plant identification test (Pokorny, 1988).
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Online tools to identify plants and plant families have been developed with
different software and computer platforms for example, JavaScript (Wilson and Flory,
2012), Microsoft Excel 2007 spreadsheet (Campbel et al., 2011), Claris FileMaker Pro
2.1installed on a Power Macintosh 7 100 /66AV with 24 MB of RAM (Sabota et al.,
1995), GW Basic (Pokorny , 1988), and ToolBook a Microsoft Windows based program
(Lindsey et al., 1994). The current study used Apache, PHP, MySQL, and JavaScript to
create the web based MSU Ornamental Plant Database. It is a fully searchable relational
database. The database is dynamic in that the information contained within can be readily
and easily updated through a web page interface. It includes sections of the database
accessible by faculty and students for specific courses as well as being accessible by the
public for general plant searches for information on the plants in the MSU teaching
gardens. This program is unique in that it also includes GPS locator information and QR
code technology for the plant materials in the MSU gardens.

96

CHAPTER V
DESIGNED STUDY TO DETERMINE STUDENT PERFORMANCE AND
ATTITUDES INLEARNING PLANT IDENTIFICATION USING
AN ONLINE DATABASE

5.1

Abstract
Ornamental horticulture undergraduate programs require students to take courses

in learning plant materials identification and landscape use. Traditionally this requires
either a professor or teaching assistant to accompany students in visiting live specimens
in a practical setting. Comprehensive live plant identification in Plant Materials courses is
time consuming and costly. Web based learning systems have been employed to assist
student learning while reducing the required use of professors and teaching assistants for
the practical sessions. A relational database system was developed for use in the MSU
gardens and to assist in teaching plant materials at MSU. A study was designed for use in
evaluating the efficacy of student learning using the MSU Ornamental Plant Database as
a tool for students learning ornamental plant identification in the plant materials courses.
This study can be used to compare students’ learning performance on plant identification
using the MSU web-based ornamental plant database and traditional learning. In addition,
students’ perspectives on using the MSU Ornamental Plant Database can be evaluated.
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5.2

Introduction
At a university, plant identification may be taught in many different subject areas,

for example, botany, horticulture, landscape gardening, forestry, and field crop
production. Undergraduates are the primary students studying plant identification,
although this information is also needed for graduate students and research purposes.
Students in undergraduate horticulture classes are involved in plant identification
exercises to recognize plants based on visual characteristics (Shaw, 1993). In learning
plants, students have to study and memorize a plant’s scientific name, genus, family, and
specific epithet, and learn the distinct characteristics of inactively and actively growing
vegetative or reproductive growth stages. Traditionally, students have made flash cards
with the names and distinguishing characteristics of the plants and learn the plant details
and spelling through rote repetition (Pokorny, 1988).With this knowledge, students are
prepared to take plant identification examinations to test their visual identification skills.
In addition, they are tested on their knowledge of plant materials use in commercial and
landscape horticulture settings.
The identification of plants pertains mostly to woody and herbaceous plant
materials courses, but may include production-based courses in nursery, fruit, turf,
floriculture, and vegetables (Pokorny, 1988). The intention of learning plant
identification is to recognize plants correctly. This is beneficial to students seeking
careers in different fields related to horticulture. Traditionally, plant identification using
live plants is time consuming and costly to maintain stock plants with proper growth
stages, or slide libraries and dried herbaria specimens (Kahtz, 2000).

98

Increasing student enrollment at universities leads to limits on available campus
resources. Since the 1950s, the need for off campus learning has been recognized (Curtis,
1957). Most universities are functioning with fewer resources; however, as an alternative,
distance education has been introduced as a method for teaching more students with
fewer resources (Guri- Rosenbilt, 1999). For instance, the College of Agriculture and
Life Sciences (CALS) at the University of Florida (UF) has transformed many courses to
an online format, including agribusiness, agronomy, environmental horticulture,
agricultural communications, entomology, and soil and water science (Rieger et al.,
2011).
With the advent of computer technology, learning patterns have changed in the
classroom. Traditionally, permanent specimens were prepared with photographs and slide
libraries and presented using computers. After introduction of the Internet, teaching and
learning methods have been changed and been applied to learning plant information and
testing. A computer program for plant identification in a plant propagation class was
developed at the University of Georgia and was provided to the students to identify the
plants on the tests and used in grading (Pokorny, 1988). Moreover, for teaching woody
landscape plants, computer assisted instruction has been used at Washington State
University (Shaw, 1993), Alabama A&M University (Sabota et al., 1995), and the
Chicago Zoological Society (Kahtz, 2000). Conceptually, computer-based teaching and
learning using class websites, the Web, videodisc technology, and CD libraries for plant
identification is easy and students can access information any time. Computer-based
teaching improves learning speed by helping to get close up views of plant morphology
using color images (Gilman, 1994; Shaw 1993; Shropshire 1991; White et al., 1990).
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The Department of Plant and Soil Sciences at MSU offers two plant material
courses, Plant Materials I (PSS 2423) and Plant Materials II (PSS 3473). Plant Materials I
is offered in both spring and fall semesters while Plant Materials II is offered only during
spring semester. The objectives of the courses are: students should be able to identify
ornamental plants properly, must be able to correctly spell and write the common and
botanical name of the ornamental plants, understand the landscape use of specific
ornamental plants, and know plant culture for common landscape plant materials.
To meet these objectives, the students in Plant Materials I and Plant Materials II
classes are required to learn to identify around 180 ornamental plants in each course;
learning 12-16 plants each week. Plant Materials I includes evergreen and deciduous
trees and shrubs, annuals, herbaceous perennials, vines, and ornamental grasses. Plant
Materials II expands the plant list in Plant Materials I and covers evergreen and
deciduous trees and shrubs, bulbs, water garden plants, herbaceous perennials, annuals,
vines, and ornamental grasses. Students first learn information about the plants in the
classroom lecture before visiting the MSU Gardens to see the live specimens for the
practical. Students learn information such as family, genus, species, cultivar,
morphological features such as plant size, leaf, flower, fruit, plant habit, diseases and
insects, culture, and landscape value.
Student evaluation is comprised laboratory quizzes, lecture quizzes, exams, and
plant phenology projects. Every week except the first week, students are provided a quiz
of 10 plants. Weekly plant quizzes are scheduled with plant specimens. Students are
expected to know the family name, scientific name, and common name for the weekly
quizzes.
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Students and instructors walk or travel to see the live specimens of ornamental
plants for the practical. It is often time consuming. In this digital age, much classroom
teaching is computerized and various innovative and hybrid teaching methods have been
introduced. Since plant materials classes at MSU do not currently use an online delivery
method of teaching, a web-based database to assist teaching ornamental plant
identification was developed. Most plant identification systems have been developed
specifically for different courses related to plants and to cover specific necessities. This
web-based database was also created specifically for the MSU plant materials courses. In
addition to classroom use, this database may also be valuable for research and activities
in extension horticulture. This program is different from existing programs because it
incorporates course and lab information with plant material information for students and
allows public access to search plant details in the MSU gardens. Furthermore, the login
system supports different users depending on access privileges. The objective of this
study was to design an experiment which could be used to compare student learning of
plant materials using the web-based ornamental plant database versus traditional learning
and then evaluate student perceptions on using the developed web-based plant learning
system.
5.3

Materials and methods
The plant materials database “hortiplant” was developed on a local computer

using the open source software package WAMP (Windows, Apache, MySQL, and PHP).
After completing it, all the associated files and the database were transferred to the MSU
server and the database was renamed “Webdb.” An open source software platform
consisting of LAMP (Linux, apache, MYSQL, and PHP) was used to implement the
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system on the MSU server (Lee and Brent, 2002). The database system is accessed
through the web as the MSU Ornamental Plant Database
(http://msugardens.pss.msstate.edu/home.php). Different access privileges for
administrator, professors, and students are specified in the database.
Prior to the commencing a study, approval to conduct the study must be requested
from the MSU Institutional Review Board (IRB). Mississippi State University entails that
any research conducted on human subjects be reviewed and approved before research
begins (Institutional Review Board, 2002). Assurances must be made to keep any
information about participants strictly confidential. The following describes the design of
a study which could be used to compare student learning of plant materials using the
web-based MSU Ornamental Plant Database versus traditional learning and evaluate
student perceptions on using a web-based plant learning system. The study was written to
facilitate publishing of the study if it is conducted.
After development of the ornamental plant identification system, the designed
study will be conducted using the MSU Ornamental Plant Database system in a plant
materials course. This research will be conducted in spring semester, 2014 with
undergraduate students enrolled in Plant Materials I (PSS 2423) at MSU. The students
will receive pre- and post-tests to determine the increase in knowledge after using the
electronic resource. The results will be compared to a plant lab where the students did not
have access to the electronic resource (i.e., traditional instruction). The study will be
replicated within a semester by using the MSU Ornamental Plant Database in multiple
labs and comparing the results to other labs taught traditionally. The pre-test for each lab
will be given prior to students studying the plant materials with the post-test presented at
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the start of the next week’s lab period thus, allowing the students one week to study the
given week’s plants. Each week the students will study 15 plants. The tests will be
arranged as a quiz to identify 10 of the ornamental plants covered in the practical where
students will be required to write the family, species, and common names correctly
(Sample quiz: Appendix A). In the existing teaching method, students and teachers walk
or travel through the MSU gardens to see and learn the ornamental plants. In weeks using
the MSU Ornamental Plant Database, students will be provided login information and
accounts for the database. The database contained the list of plants for the week’s lab
with all information needed to learn identification. It also included the GPS location of
the plants in the MSU gardens linked to Google Maps so students can visit a live
specimen to assist learning. QR codes are placed on the plants so students may also
retrieve plant details using a smart phone with QR reader. For all plants studied, the
identification of ornamental plants and their information such as taxonomy, morphology,
and environmental habits will be also covered in the class lectures.
At the end of the semester, a questionnaire (Appendix B) will be provided to the
students to determine their perceptions on using the web based plant learning system. The
questions in part one (Table 5.1) of the questionnaire will be used to evaluate the
students’ attitudes on this plant identification system.
The questions in part two (Table 5.2) of the questionnaire will be used to obtain
the student’s opinion of the quality of developed web site. Respondents will be presented
with ten statements to rate on a five point Likert scale of (1) Strongly disagree, (2)
Disagree, (3) Neither agree nor disagree, (4) Agree, and (5) Strongly agree about the
quality of the web site (Oppenheim, 1992). A Quality Index for each student will be
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calculated using summation of those statements (Weerasinghe and Jayasinghe-Mudalige,
2008). The total maximum value of ten statements is 50 (5 × 10). The summation value
for each student will be divided by 50 to get the Quality Index (Quality Index =
Summation of 10 statements/50). The Quality Index ranges from 0 to 1.
Examinations will be given and graded by the course instructor or teaching
assistant. Student exams will be provided an identifier and names removed before being
given to the research team. Examinations will be identified only by the identifier from
this point to protect individual student’s privacy. Test score data for plant identification
quizzes, traditional and web based, will be statistically analyzed using t-test (Pokorny,
1988) to compare the actual difference between two means in relation to the variation in
the data (expressed as the standard deviation of the difference between the means)
(Posten, 1978). Frequency analysis will be used to analyze the data from the
questionnaire. The Software Statistical Analysis System 9.0 (SAS) (SAS Institute, Cary,
NC) will be used to analyze the data.
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Table 5.1

Percentage response of students’ opinions about the web based ornamental
plant identification system
Question

% Response

1. Which did you find to be the more efficient and effective
method of plant ID?
Existing system
Computerized system
2. How often you visit our web based database system?
Daily
Weekly
Monthly
On a need basis
3. What is/are your purpose(s) for visiting the web-based
database system?
For course information
For lab information
For plant information
All of above
4. Which part(s) of the web-based database system is/are
useful to you?
Plant search
Photo gallery
Content inside the login
What’s new
Contact us
5. What do you like most about the web-based database
system?
Information is comprehensive
Information is interesting
Information is easy to find
Information is easy to understand
Graphic design is attractive
Links and buttons help me move around the information
easily
Speed of response is fast
6. Has website been a useful tool in your education? Has the
web-based database system been a useful tool in your
education?
Yes
No
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Table 5.2

Statements used on a questionnaire to determine students’ opinion on the
quality of developed web based ornamental plant database. Responses were
on a 5 point Likert scale where 1 = strongly disagree and 5 = strongly agree.
Responses were used to generate a Quality Index for data analysis.

1. It was simple to use the web-based database system.
2. The information provided for the system was easy to understand.
3. It was easy to find the information I needed.
4. I believe I could become productive quickly using this system.
5. Photographs of plants are useful.
6. Plant location is very important.
7. The organization of the information on the system was clear.
8. The interface of this system was pleasant.
9. This system has all the functions and capabilities I expect it to have.
10. Overall, I am satisfied with the web-based database system

5.4

Results and discussion
Plant identification is highly visual and is usually taught as hands on practical

activity through field experiences and the examination of live specimens. Students must
learn to identify particular features of plants and are expected to be able to recognize
plants at different times of the year (Kahtz, 2000). However, live specimens are not
always available and at any given time of year do not represent the appearance of the
plant across the seasons. Teaching via the web and other emerging computer technologies
is a relatively new methodology for instruction and learning. In this study, the
experiments examine development of students’ plant material identification skills using
online education. Attitudes of the students on web-based database learning and quality of
the web site are also tested.
Different studies have been conducted to test the web-based plant identification
with various categories of plants. Computer-based instruction has been in use for nearly a
decade in agriculture-based classrooms. Class websites and computer assignments have
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been added to some horticulture courses as supplements to existing courses (Pokorny,
1988; Johnson and Oltenacu, 1991). Research related to online plant identification
teaching shows variable results; online teaching is greater to traditional teaching verses
online teaching does not enhance the quality of education. Aside from the research, plant
identification self-testing and grading is becoming more popular. In a study conducted at
the University of Minnesota, students enrolled in the potted plant production class
demonstrated a website was a useful tool in their education (Anderson and Walker,
2003). There was reported a greater impact on learning through online teaching methods
(Means et al., 2010). Performance of college level floral design students was compared at
Texas A&M University (Henss et al., 2006). While the experimental group was enrolled
in an online course, a control group was enrolled in a traditional course. Evaluation using
graded tests and surveys indicated no significant difference between traditional and
online learning. Other studies have also shown online education is comparable to
traditional education (Jeannette and Meyer, 2002; Lindsey et al., 1994; Miller and
Pilcher, 2001; Spooner et al., 1999).
In contrast, the findings by Taraban et al., (2004) indicated that web instruction,
in general, is not superior to live instruction for plant identification. This study revealed
students preferred live instruction over web instruction. They desired to learn new plant
materials in the classroom rather than on the web and that web learning was unsatisfying.
A recent survey showed students prefer some sort of hybrid delivery format with a
mixture of online and face-to-face courses (Rieger et al., 2011).
Attractiveness of web-based materials draws the attention of students with
successful online teaching. Therefore, teaching online courses needs to use a variety of
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instructional strategies to enhance interactive learning and ensure critical thinking. It also
requires immediate feedback to motivate the students and provide information they can
use to correct or improve their learning (Schroeder-Moreno, 2010; Wilson and Danielson,
2003). However, keeping students engaged, motivated, and challenged while teaching
online still remains a challenge (Aragon, 2003; Beaudoin, 1990).
5.5

Conclusion
A study was designed which could be used to compare student learning of plant

materials using the web-based ornamental plant database versus traditional learning. In
addition, a questionnaire was developed to evaluate student perceptions on using the
Ornamental Plant Database system for learning ornamental plant identification.
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CHAPTER VI
GENERAL CONCLUSIONS

Innovative educational methods are important to meet the challenges of today’s
competitive world. The Internet and computers are changing the way the world accesses
information and education. With this technological progress, the education sector needs
to introduce new methods of delivering information. Online or web-based learning has
emerged as efficient and effective teaching and learning aids.
The MSU Department of Plant and Soil Sciences offers courses in plant materials
identification and use. Currently, traditional methods are used to identify the ornamental
plants in the MSU arboreta and gardens. This study was carried out to develop an
automated web-based database which can function as a virtual Teaching Assistant (TA)
for plant materials courses and an information source for the public visiting the MSU
gardens.
Apache, MySQL, PHP, and JavaScript software were used to develop this
application in the Windows environment and information about each ornamental plants
and trees species was entered into the database. The MSU Ornamental Plant Database
provides plant information and location in the MSU gardens using a computer or mobile
device such as a smart phone. In addition, a study was designed which may be used to
determine the effectiveness of this tool in enhancing student learning of plant materials.
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The developed web-based ornamental plant database is an interactive, user
friendly system. Users can practice plant identification and learn virtually anywhere at
any time. The program provides plant materials courses and practical details in addition
to general plant information. The database administration pages can be accessed by
authorized users for record insertion, modification, and deletion. The user needs a web
browser and Internet connectivity to access the system. The fully searchable, relational
database is dynamic in that the information can be readily and easily updated. The
database is accessible by faculty and students with specific course content as well as the
public for general plant information on the plants in the MSU gardens. This program is
unique in that it also includes GPS locator information for the plant materials in the MSU
gardens. It also provides the capability to retrieve plant information from the field with
QR codes on the plants using a smart phone. The database program is accessible twenty
four hours a day, seven days a week. It is a powerful online teaching and learning tool for
students, professors, and the public. Future modifications or additions to the MSU
Ornamental Plant Database may include a tool for plant identification testing and grading
within system, a practice application allowing students to practice identification and
spelling of plant names prior to being tested (e.g. practice flash cards. …), a plant map
with the coordinates of the ornamental plants and trees in the MSU gardens and an
integrated map/directions application to direct users to live specimens in the gardens.

110

REFERENCES
Allen, I.E., and Seaman, J. 2010. Learning on demand: Online education in the United
States, 2009. Babson Survey Research Group, Babson Park, MA.
Anderson, N.O., and Walker, J.D. 2003.Effectiveness of web-based versus live plant
identification tests. HortTechnology 13, 199-205.
Aragon, S.R. 2003. Facilitating learning in online environments: New directions for adult
and continuing education, number 100. Jossey-Bass, San Francisco, CA.
Arsham, H. 2002. Impact of the internet on learning and teaching. USDLA Journal, 16, 921.
Ausserhofer, A. 1999. Web based teaching and learning: a panacea? IEEE
Communications Magazine 37, 92-96.
Axmark, D., and Widenius, M. 1999. MySQL introduction. Linux Journal 67, 82-89.
Beaudoin, M. 1990. The instructor's changing role in distance education. American
Journal of Distance Education 4, 21-29.
Bouman H., Hoof B. V. D., Wijngaert L. V. D. and Dijk J. V. 2004. Information and
Communication Technology in Organizations.Sage Publications,CA, USA pp. 12.
Campbell, K.R., Wilson, S.B., Wilson, P.C., and He, Z. 2011. Interactive online tools for
teaching plant identification. HortTechnology 21, 504-508.
Codd, E.F. 1970. A relational model of data for large shared data banks, Communications
of the ACM. 13, 377–387.
Codd, E.F. 1980. Data models in database management. ACM SIGMOD Record 11, 112114. Association for Computing Machinery, New York, NY.
Curtis, D.K. 1957. Achieving quality in off-campus professional laboratory experiences
(No. 8). Association for Student Teaching, Cedar Falls, IA.
Daniels, J.S. 2002.“Foreword” in Information and Communication Technology in
Education–A Curriculum for Schools and Programme for Teacher
Development,UNESCO,Paris, France.
111

Delisle, M. 2012. Mastering phpMyAdmin 3.4 for Effective MySQL Management.Packt
Publishing, Birmingham, U.K.
Dora, S.K., and Dubey, P. 2013. Software development life cycle (SDLC) Analytical
comparison and survey on traditional and agile methodology.Abhinav Journal 2,
22-30.
Elango, R., Gudep, V.K., and Selvam, M. 2008. Quality of e-learning: An analysis based
on e-learners’perception of e-learning. The Electronic Journal of e-Learning 6,
31-44.
Erdil, K., Finn, E., Keating, K., Meattle, J., Park, S., and Yoon, D. 2003.Software
maintenance as part of the software life cycle. Comp180: Software Engineering
Project. Tufts University, Medford, MA.
Gillies, J., and Cailliau, R. 2000. How the Web was born: The story of the World Wide
Web. Oxford University Press, New York, NY.
Gilman, E.F. 1994. Using CD-ROM computer technology to teach plant
material.HortScience 29, 461-462.
Godfrey, M.W., and Tu, Q. 2000. Evolution in open source software: A case study. In.
Proceedings of16th international conference onsoftware maintenance, IEEE, San
Jose,CA, USA pp. 131-142.
Gómez, N. 2004. Is an instructional video better than a face-to-face demo to teach Tbudding in an intro plant propagation course? HortTechnology 14, 619-621.
Guri-Rosenblit, S. 1999. Distance and campus universities: tensions and interactions. A
comparative study of five countries.Issues in Higher Education Series. Elsevier
Science, New York.
Henss, S.R., Zajicek, J.M., and Lineberger, R.D. 2006. A comparison of student grades,
floral design laboratory skill scores, and course satisfaction of traditional and
online sections of a university floral design course. HortTechnology 16, 626-632.
Hu, Y., Peng, L., and Chi, C. 2003. Design Technology of Three-tier Architecture on
Web Application Based on .NET [J]. Computer Engineering8, 66-69.
Jeannette, K.L., and M.H. Meyer. 2002. Online learning equals traditional classroom
training for Master Gardeners. HortTechnology 12,148–156.
Johnson, P.J., and Oltenacu, P.A. 1991. Application report-the use of computers to
develop problem-solving skills in agriculture. Journal of Computer-Based
Instruction 18, 135-138.

112

Kahtz, A.W. 2000. Can computer-assisted instruction be used by students for woody
plant identification? HortTechnology 10, 381-384.
Kastens, K. 1996. Earth science as a vehicle for illuminating the boundary between the
known and the unknown.Journal of Geological Education43, 138-140.
Kieseberg, P., Leithner, M., Mulazzani, M., Munroe, L., Schrittwieser, S., Sinha, M., and
Weippl, E. 2010, November. QR code security.In Proceedings of the 8th
International Conference on Advances in Mobile Computing and
Multimedia.ACM. pp. 430-435.
Kumar, V., Lehri, S., Sharma, A.K. and Kumar, A. 2008. Design and implementation of
agriculture research digital photo manager. Computer Electronics in Agriculture
60, 296-300.
Kumar, V., Singh, K.H., Chaturvedi, K.K., and Nanjundan, J. 2013.Design and
implementation of web-based database of rapeseed-mustard germplasm using
Linux-Apache-MySQL-PHP (LAMP) technology.African Journal of Agricultural
Research 8, 2733-2743.
Laurie, B. and Laurie, P. 2002. Apache: The Definitive Guide , O’Reilly and Associates,
Sebastopol, CA.
Lee, J., and Ware, B. 2002. Open source web development with LAMP: using Linux.
Apache, MySQL, Perl, and PHP: Addison Wesley Professional, Indianapolis, IN.
Lehrer, J.M., and Brand, M.H. 2003.An interactive online database for the selection of
woody ornamental plants. HortTechnology 13, 562-568.
Lemke, C. 2002. EnGauge 21st Century skills: Digital literacies for a digital age. North
Central Regional Educational Lab, Naperville, IL; North Central Regional
Educational Lab, Oak Brook, IL; North Central Regional Tech. in Education
Consortium; Metiri Group, Los Angeles, CA.
Lerdorf, R., K. Tatroe, and P. MacIntyre 2006: Programming PHP. – O’Reilly Media,
Inc, Sebastopol.
Lin, L.Y., and Fox, T. R. 1999.Manipulating videotape technology to empower your
teaching. Proceedings of the Sixteenth Conference on English Teaching and
Learning in the Republic of China, Taipei: the Crane Publishing Co. Ltd. pp. 535549.
Lindsey, C., Kling, G. and Zampardo, M. 1994. Software usage patterns and student
preferences in the evaluation of computer- based interactive program for woody
landscape plant instruction. HortScience 29, 488-492.

113

Lu, H., and L. Feng. 1998. Integrating database and World Wide Web technologies.
World Wide Web1, 73-86.
Maier, D., 1983. The theory of relational databases (Vol. 11).Computer science press.
Rockville, MD.
Maffeis, S. 2003. "Client-server computing."Encyclopedia of Computer Science.4th
edition. John Wiley and Sons Ltd. Chichester, UK. pp 215-218.
Means, B., Toyama, Y., Murphy, R., Bakia, M., and Jones, K. 2010. Evaluation of
evidence-based practices in online learning: A meta-analysis and review of online
learning studies.,Office of Planning, Evaluation, and Policy Development US
Department of Education. Washington, DC.
Miller, G., and Pilcher, C.L. 2001. Levels of cognition reached in agricultural distance
education courses in comparison to on-campus courses and to faculty perceptions
concerning an appropriate level. Journal of Agricultural Education 42, 20-27.
Mockus, A., Fielding, R. T., and Herbsleb, J. 2000. A case study of open source software
development: the Apache server. In Proceedings of the 2000 International
Conference on Software Engineering. pp. 263-272.
Nixon, R. 2009. Learning PHP, MySQL, and JavaScript.O’Reilly and Associates,
Sebastopol, CA.
Oppenheim, A.N. 1992. Questionnaire design, interviewing, and attitude
measurement.2nd Edition.London Printers, London, U.K.
Pokorny, F.A. 1988. Computer-assisted plant identification tests. National Association.of
Colleges and Teachers in Agriculture Journal32, 28-30.
Posten, H.O. 1978. The robustness of the two sample T-test over the Pearson system.
Journal of Statistical Computation and Simulation 6, 295-311.
Quarterman, E., Burbanck, M.P., and Shure, D.J. 1993. Rock outcrop communities:
limestone, sandstone, and granite. Biodiversity of southeastern United States:
upland terrestrial communities. In: W.H. Martin, S.G. Boyce, and A.C.
Echternacht (Eds.) Wiley, New York, NY.
Ramakrishnan, R. and Gehrke, J., 2003. Database Management Systems.3rd ed.
McGraw-Hill, Inc.New York, NY, USA.
Ramirez, A. O. 2000. Three-tier architecture.Linux Journal 75, July 2000.
www.linuxjournal.com/article/3508?page=0,1 Accessed on Jan. 20, 2014.

114

Ravisankar, H., Sarala, K., Krishnamurthy, V., and Rao, R.V.S. 2009.A software system
for tobacco germplasm data. Plant Genetic Resources: Characterization and
Utilization, 7, 139-142.
Resnick, M. 2002. Rethinking learning in the digital age. In: G. Kirkman (Ed.), The
global information technology report: Readiness for the networked world. Oxford
University Press, New York, NY.
Rieger, M., Turner, R.E., and Barrick, R.K. 2011. Student evaluation scores for courses
delivered by interactive videoconferencing. North American Colleges Teachers in
Agriculture Journal 55, 16-20.
Robelen, E.W. 2007. E-Learning curve. Education Week 26(30), 34-36.
Roibás A.C., and Sánchez, I.A. 2002. Design scenarios for m-learning, Proceedings of
the European Workshop on Mobile and Contextual Learning, University of
Birmingham, Birmingham, UK, June pp. 53-56.
Sabota, C., Beyl, C.A., and Ghale, G. 1995.Developing an integrated location and
information database for teaching plant identification and use. HortTechnology 5,
178-182.
Schroeder-Moreno, M.S. 2010. Enhancing active and interactive learning online-lessons
learned from an online introductory agro-ecology course,North American
Colleges Teachers in Agriculture Journal 54, 21-30.
Selwyn, N. 2007. The use of computer technology in university teaching and learning: a
critical perspective. Journal of Computer Assisted Learning 23, 83-94.
Shahid, M., Ibrahim, S., and Mahrin, M.N.R. 2011.A study on test coverage in software
testing.Advanced Informatics School (AIS), Proceedings of the International
Conference on Telecommunication Technology and Applications, Singapore
University Technology, Malaysia 5, 207-215.
Sharples, M. 2000. The design of personal mobile technologies for lifelong learning,
Computers and Education 34:177–193.
Sharples, M., Arnedillo-Sánchez, I., Milrad, M., &Vavoula, G. (2009).Mobile learning
(pp. 233-249).Springer Netherlands.
Shaw, P.M. 1993. A low-cost interactive computer program for teaching landscape plant
materials. HortTechnology 3, 351-354.
Shropshire, G.J. 1991. Multi-spectral video imaging for plant identification.American
Society for Agricultural Engineers Paper 91, 3507-3511.

115

Silberschatz, A., Korth, H.F., and Sudarshan,S. 2002. Database system concepts, 41
Edition.McGraw-Hill, New York, NY.
Sommerville, I. 2004. Software engineering, Vol. 1.Addison-Wesley, New York, NY.
Spooner, F., Jordan, L., Algozzine, B., and Spooner, M. 1999. Student ratings of
instruction in distance learning and on-campus classes. The Journal of
Educational Research 92, 132-140.
Taraban, R., McKenney, C., Peffley, E., and Applegarth, A. 2004. Live specimens more
effective than world wide web for learning plant material. Journal of Natural
Resources and Life Sciences Education 33, 106-110.
Tinio, V.L. 2003.ICT in education, United Nations Development Programme-Asia
Pacific Development Information Programme,E. 45th street New York, NY. pp
32-34
Tony Liu, D., and William Xu, X. 2001.A review of web-based product data
management systems.Computers in Industry44(3), 251-262.
Tucker, A. 2011. What are those checkerboard things? How QR codes can enrich
studentprojects. Tech Directions 71, 14-16.
Villordon, A., Njuguna, W., Gichuki, S., Ndolo, P., and Labonte, D. 2007.Using open
source software in developing a web-accessible database of sweetpotato
germplasm collections in Kenya. HortTechnology 17, 567-570.
Vixie, P., and Design, D. 1999. Open source software engineering. Open Sources: Voices
from the Open Source Revolution. O’Reilly and Associates, Cambridge, MA.
Weerasinghe, W.K.G.K.S., and Jayasinghe-Mudalige, U.K. 2008. Digital divide in the
corporate tea sector in Sri Lanka: an empirical investigation. Journal of Food and
Agriculture 1, 40-53.
Welling, L., and Thomson, L. 2003. PHP and MySQL web development. Sams
Publishing, USA.
White, J.W., Beattie, D.J., and Kubek, P. 1990. Inquiry learning with videodiscs and
computers: An innovative teaching method for horticulture courses. HortScience
25, 385-388.
Wilson, S.B., and Danielson, H.E. 2003. A new instrument for interactive virtual plant
identification and use. HortTechnology 13, 1–2.
Wilson, S.B., and Flory, L. 2012. FloraGator: A novel, interactive, and online multipleentry key for identifying plant families. HortTechnology 22, 410-412.
116

Yuen, S., and Wang, S. 2004. M-learning: mobility in learning. Health and Higher
Education 1, 2248-2252.
Zhang, J. 2010. Development of e-commerce web application using WAMP, Doctoral
dissertation, San Diego State University, San Diego, CA.

117

APPENDIX A
SAMPLE PLANT IDENTIFICATION QUIZ
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Course -Plant Materials
Sample Plant Identification Quiz (answer key in red)
Week of _________________
1.

Family Name: ____________________ (Poaceae)
Scientific Name: ____________________ (Miscanthus sinensis)
Common Name: _____________________ (Silver grass)

2.

Family Name: ____________________ (Ruscaceae)
Scientific Name: ____________________ (Liriope sp.)
Common Name: ____________________ (Liriope)

3.

Family Name: ____________________ (Cornaceae)
Scientific Name: ____________________ (Aucuba japonica)
Common Name: ____________________ (Japanese aucuba)

4.

Family Name: ____________________ (Aquifoliaceae)
Scientific Name: ____________________ (Ilex x attenuata ‘Fosteri’)
Common Name: ____________________ (Foster’s holly)

5.

Family Name: ____________________ (Aquifoliaceae)
Scientific Name: ____________________ (Ilex x atternuata ‘Savannah’)
Common Name: ____________________ (Savannah holly)
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6.

Family Name: ____________________ (Agavaceae)
Scientific Name: ____________________ (Agave sp.)
Common Name: ____________________ (Century plant)

7.

Family Name: ____________________ (Berberidaceae)
Scientific Name: ___________________ (Nandina domestica)
Common Name: ____________________ (Nandina)

8.

Family Name: ____________________ (Aquifoliaceae)
Scientific Name: ____________________ (Ilex cornuta)
Common Name: ____________________ (Chinese holly)

9.

Family Name: ____________________ (Polemoniaceae)
Scientific Name: ____________________ (Phlox subulata)
Common Name: ____________________ (Creeping phlox)

10.

Family Name: ____________________ (Polypodiaceae)
Scientific Name: ____________________ (Polypodium polypodioides)
Common Name: ____________________ (Resurrection fern)

120

APPENDIX B
ASSESSING ONLINE TEACHING AND LEARNING FOR FIELD PRACTICAL
USING WEB BASED ORNAMENTAL PLANT DATABASE, DEPARTMENT
OFPLANT AND SOILSCIENCES, MISSISSIPPI STATE UNIVERSITY
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Please answer for questions as completely and accurately as possible. Most of the
questions require a tick in the box while others require short answers. Please understand
your participation is voluntary. Your refusal to participate will in no way affect your
grade. You may discontinue your participation at any time without penalty.

Part 1:
1. Program of study……………………………………………………..
2. Gender
Male
Female

3. Which did you find to be the more efficient and effective method of plant ID?
Existing system
Computerized system

Part 2:
1. How often did you visit the web-based database system?
Daily
Weekly
On a need basis
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2. What was your purpose(s) for visiting the web-based database system?
(You can select more than one option.)
For course information
For lab information
For plant information
For all of the above

3. Which part(s) of the web-based database system were useful to you?
(You can select more than one option.)
Plant search
Photo gallery
Content inside the login
What’s new?
Contact us

4. What did you like most about the web-based database system?
(You can select more than one option.)
Information is comprehensive
Information is interesting
Information is easy to find
Information is easy to understand
Graphic design is attractive
Links and buttons help me navigate information easily
Speed of response is fast
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5. Has the web-based database system been a useful tool in your education?
Yes
No
Part 3:
Please read the following statements and indicate extent to which you agree or
disagree, using the following scale:
(1) Stronglydisagree (2) Disagree (3) Neither agree nor disagree (4)Agree (5) Strongly Agree

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

It was simple to use the web-based database system.
The information provided for the system was easy to understand.
It was easy to find the information I needed.
I believe I could become productive quickly using this system.
Photographs of plants are useful.
Plant location is very important.
The organization of the information on the system was clear.
The interface of this system was pleasant.
This system has all the functions and capabilities I expect it to have.
Overall, I am satisfied with the web-based database system

1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5

Any suggestions
………………………………………………………………………………………………
………………………………………………………………………………………………
Thank you very much for spending your valuable time to fill this questionnaire.
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